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FIG.  i. — Adult  Male  Skull,  English.     Cephalic  index,  83  ;  orbital  index,  86-3  ; 
for  other  orbital  measurements  see  p.  91.      xf. 
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TO 


ARTHUR   THOMSON 


IN    MEMORY    OF    MUCH    HAPPINESS ,  IN    WORK 


PREFACE 


THE  subject-matter  of  this  work  originally  formed  the 
substance  of  a  series  of  lectures  given  to  candidates  for  the 
Oxford  Diploma  of  Ophthalmology,  and  is  here  presented 
in  an  amplified  and  completed  form.  The  work  has  suffered 
many  interruptions  since  its  initiation  in  1913,  which  must 
be  held  as  an  excuse  for  any  fluctuations  in  the  manner  of 
its  treatment.  Primarily  intended  for  the  use  of  ophthal- 
mologists, it  is  hoped  that  the  necessary  incorporation  of 
matter  relative  to  the  neighbouring  nasal  region  will  also 
prove  of  interest  to  the  rhinologist,  and  that  as  a  regional 
study  the  whole  will  commend  itself  to  the  general 
anatomist. 

It  was  intended  that  the  chief  value  of  the  lectures  should 
lie  in  the  demonstration  of  the  large  series  of  dissections 
and  preparations  (now  in  the  Oxford  anatomical  museum) 
which  by  the  kindness  of  Professor  Arthur  Thomson  the 
author  was  able  to  make  while  working  under  him.  Similarly, 
it  is  hoped  that  the  chief  feature  of  value  in  this  book  will 
be  the  photographic  illustrations  of  such  of  these  prepara- 
tions as  lend  themselves  to  the  purpose.  For  any  success 
this  object  may  attain  I  am  greatly  indebted  to  the  technical 
skill  and  tireless  interest  of  the  departmental  assistant, 
Mr.  Chesterman,  who  took  all  the  photographs,  with  the 
exception  of  Nos.  3,  23,  36,  50,  90,  97,  130,  which  were 
prepared  at  McGill.  The  source  of  the  borrowed  illustrations 
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is  acknowledged  in  the  legends.  The  dates  following  the 
authors'  names  in  the  text  refer  to  the  year  of  publication 
of  articles  specially  bearing  upon  the  subject  which  will  be 
found  in  the  bibliography. 

To  my  Associate  Professor  of  Histology  and  Embryology, 
Professor  J.  C.  Simpson,  I  am  indebted  for  the  redrawing 
of  the  majority  of  my  diagrams,  and  their  presentation  in 
a  more  artistic  form.  It  is  regretted  that  the  cost  of 
colour  illustration  prohibits  the  more  general  use  of  this 
means  of  simplifying  the  diagrams.  To  my  wife  I  wish  to 
express  my  indebtedness  for  the  careful  transcribing  of  my 
pencil  MSS. 

The  final  completion  of  the  work  has  been  greatly 
facilitated  by  a  grant  from  the  Cooper  Fund  of  McGill 
University,  to  the  Trustees  of  which  Fund  I  tender  my 
thanks. 


McGiLL  UNIVERSITY, 

MONTREAL,  April  1921. 
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PART  I 


OSTEOLOGY 

THE  Orbits  (orbital  cavities,  fossae  orbitales)  are  two  large 
and  deep  cavities  situated  one  on  each  side  of  the  root  of 
the  nose.  They  lie  between  and  are  formed  by  the  bones 
of  the  face  and  those  of  the  calvaria  (Fig.  2).  The  wide 
anterior  opening  of  the  orbit  on  to  the  face  is  called  the 
base  or  entrance  (aditus  orbitae) ,  and  is  circumscribed  by  the 
margin  (margo  orbitalis)  ; 
the  cavity  is  enclosed  by 
four  walls,  the  roof,  floor, 
lateral  and  medial  walls, 
connected  by  rounded 
angles,  and  it  is  terminated 
posteriorly  by  the  apex.  The 
continuity  of  the  walls  is  in- 
terrupted in  the  skull  by  one 
large  orifice,  the  optic  fora- 
men (foramen  opticum),  and 
by  several  smaller  foramina, 
by  two  wide  fissures,  the 
superior  and  inferior  orbital 
fissures  (or  sphenoidal  and 
spheno-maxillary),  and  by  2._Diagram  to  illustrate  the  posi- 

the     Opening     Of     the     naSO-          tion  of  the  Orbits  between  the  bones 
i    /  7  •  of  the  Calvaria  (red)  and  those  of  the 

lacrimal  canal  (canaks  naso-  Face  (black)  (Xfter  Poirier,  modified. ) 
lacrimalis)  ;  all  these  open- 
ings are  closed  in  life  by  structures  which  pass  through 
them.  The  walls  are  crossed  by  sutures  between  the  bones 
which  form  them,  and  are  smoothly  lined  with  periosteum, 
here  termed  the  periorbita. 
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Above  the  orbit  is  situated  the  anterior  cranial  fossa  of 
the  skull,  containing  the  frontal  lobe  of  the  brain  ;  below 


FIG.  3. — Coronal  section  of  an  Adult  Male  Head  to  show  the  general  relations  of 
the  Orbits  ;  the  section  cuts  through  them  at  about  the  junction  of  their  posterior 
third  and  anterior  two-thirds.  Compare  with  the  horizontal  section  through  the 
head  seen  in  Fig.  130,  p.  252.  From  the  McGill  Anatomical  Museum.  x  f. 

lies  the  maxillary  air-sinus  ;  medially  the  lateral  mass  of  the 
ethmoidal  bone  together  with  the  lacrimal  bone  intervene 
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between  it  and  the  nasal  fossa  in  front,  whilst  behind  the 
two  orbits  are  separated  from  one  another  by  the  body  of 
the  sphenoidal  bone  ;  the  temporal  region  and  middle  cranial 
fossa  are  in  relation  to  its  lateral  aspect  ;  it  is  bounded  in 
front  by  the  eyelids. 

It  is  convenient  to  study  the  osteology  of  the  orbit  on 
the  following  plan  : 

1.  The  form  of  the  cavity. 

2.  The  orbital  margin. 

3.  The  walls  of  the  orbit. 

4.  The  accessory  sinuses  of  the  nose  in  their  relation 

to  the  orbit. 

5.  The  osseous  lacrimal  passages. 

6.  Table  of  apertures  of  the  orbit. 

7.  The  periorbita. 

8.  Mensuration. 

9.  Development  and  growth. 

10.  Variations,  Asymmetry,  and  Deformities. 

1.  THE  FORM  OF  THE  ORBIT 

The  form  of  the  orbit  is  usually  likened  to  either  a  cone 
or  a  four- sided  pyramid  with  rounded  angles,  of  which 
figure  the  base  corresponds  to  the  wide  opening  directed 
forwards  on  to  the  face  and  circumscribed  by  the  orbital 
margin,  and  the  apex  to  the  narrowed  portion  leading 
backwards  within  the  skull. 

An  examination  of  plaster  casts  of  the  orbit  (Fig.  4) 
shows  that  neither  of  these  descriptions  is  accurate  as  regards 
the  shape.  No  common  geometrical  figure  will  illustrate  it 
without  missing  several  important  features  ;  moreover,  it 
was  found  by  Gayat  (1873)  that  the  mathematical  volume 
of  a  corresponding  pyramid  is  less  by  one-third  than  the 
volume  of  the  orbit  calculated  empirically  by  means  of 
filling  it  with  lead  pellets. 

The  first  point  to  be  noticed  is  that  owing  to  the  overhang 
of  the  orbital  walls  in  front  the  largest  part  of  the  cavity 
does  not  lie  at  the  facial  entrance,  but  is  just  behind  it,  and 
in  consequence  of  this  narrowing  of  the  margin  a  cast  cannot 
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FIG.  4. — Casts  of  Right  Orbit.      Adult  male,  natural  size, 
(a)  Medial  aspect.          (£)  Superior  aspect.         (c)  Posterior  aspect. 
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be  withdrawn  without  partial  removal  of  the  bones.  Thus 
the  roomiest  part  of  the  orbit  is  found  about  one  centimetre 
behind  the  margin,  and  since  here  is  lodged  the  eyeball 
the  walls  are  roughly  moulded  upon  it.  The  primitive 
spheroidal  shape  is,  however,  distorted  by  outward  bulgings 
of  the  walls  in  several  regions,  to  accommodate  the  lacrimal 
gland,  the  lacrimal  sac,  and  the  pulley  of  the  superior 
oblique  muscle.  The  growth  of  these  structures  within  the 
orbit,  together  with  the  development  of  the  surrounding 
parts,  causes  the  bulk  of  the  cast  to  present  a  quadrilateral 
shape  with  rounded  angles,  as  is  seen  in  a  section  through 
the  skull  itself  taken  just  behind  the  orbital  margin  (Fig. 
17).  The  shape  of  this  forepart  of  the  cavity  allows  the 
orbit  to  be  conveniently  described  as  contained  by  four 
walls,  but  the  cast  emphasises  the  important  differences 
between  them  as  they  are  traced  from  the  base  to  the  apex. 
The  medial  wall  is  oblong  in  outline  ;  the  roof  and  lateral 
wall  are  the  shape  of  an  isosceles  triangle  ;  the  floor  is  also 
triangular  (equilateral),  but  is  shorter  than  the  other  bound- 
aries, extending  only  as  far  back  as  the  junction  between 
the  anterior  two-thirds  and  posterior  third  of  the  orbit. 
Behind  this  point  is  the  region  of  the  apex,  and  here  the 
absence  of  the  floor  is  compensated  by  the  inclination  of  the 
lateral  towards  the  medial  wall.  There  are  therefore  only 
three  walls  forming  the  apex,  as  seen  in  the  cast,  and  also 
shown  by  the  more  triangular  outline  of  a  section  of  the 
skull  through  this  region  (Fig.  3).  This  three-sided  pyra- 
midal form  of  the  apex  is  accentuated  by  the  presence  of 
the  superior  and  inferior  orbital  fissures,  between  which  lies 
the  posterior  extremity  of  the  lateral  wall.  The  apex  lies 
wholly  behind  the  eyeball,  and  becomes  narrow  in  conformity 
with  its  less  bulky  contents,  which  are  chiefly  the  optic 
nerve  and  the  origin  of  the  ocular  muscles. 

The  comparison  of  the  form  of  the  orbital  cavity  to  that 
of  a  cone  or  four-sided  pyramid  then  misses  the  facts  shown 
so  well  by  a  cast,  namely,  that  the  figure  has  a  constricted 
base,  a  roughly  four-sided  anterior  portion  in  which  the 
eyeball  is  lodged,  and  a  well-defined  three-sided  pyramidal 
apex  wherein  lie  the  optic  nerve  and  muscles.  If  the  form 
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must  be  likened  to  some  common  object,  it  may  be  said  to 
resemble  that  of  a  pear  with  the  thin  end  (apex)  and  stalk 
(optic  nerve)  curving  slightly  towards  the  mesial  plane. 

Although  not  sharply  marked,  the  division  of  the  cavity 
into  an  anterior  two-thirds  or  ocular  portion  and  a  posterior 
third  or  retro-ocular  part  is  to  be  emphasised,  since  these 
two  regions  differ  not  only  in  regard  to  their  chief  contents, 
but  also  in  their  external  relations. 

2.  THE  ORBITAL  MARGIN 

From  a  practical  standpoint  the  superficial  position  and 
prominence  of  the  margin  of  the  orbit  are  sufficient  justifica- 
tions for  its  detailed  description  apart  from  the  walls  of  the 
cavity.  The  surface  anatomy  is  better  considered  after 
such  description,  when  the  features  which  can  be  made  out 
by  digital  examination  will  more  readily  be  recognised. 

The  shape  of  the  margin  may  be  considered  first.  Since 
the  orbital  walls  are  moulded  upon  the  previously  formed 
eyeball,  the  primitive  outline  of  the  margin  is  circular  and 
comparatively  flat,  as  is  seen  in  the  earlier  foetal  skulls  up 
to  the  age  of  six  months,  where  also  the  margin  is  more 
closely  applied  to  the  globe  and  only  extends  as  far  as  its 
equator  (Fig.  42,  p.  95).  After  this  period  the  outline 
usually  assumes  an  oval  contour,  due  probably  to  the  more 
rapid  expansion  of  the  brain-containing  part  of  the  skull, 
and  later  on  the  striking  changes  in  the  infantile  face, 
consequent  to  the  development  of  the  nose  and  jaws,  react 
upon  the  margin,  which  becomes  altered  in  both  frontal  and 
sagittal  planes.  In  the  former  plane  the  circular  outline 
may  be  altered  to  oval,  square,  or  oblong  (as  seen  in  the 
photographs  on  pp.  89,  101,  103),  the  quadrangular  contour 
being  found  the  generalised  type  in  modern  male  skulls  by 
Cameron  (1920)  ;  in  the  latter  plane  the  flattened  margin 
becomes  more  undulating.  (See  also  under  fronto-sphenoidal 
process,  p.  13,  and  refer  p.  97.) 

It  should  be  noticed  that  even  in  foetal  skulls  the  orbital 
margin  does  not  form  a  completed  circle,  owing  to  the 
presence  of  the  fossa  for  the  lacrimal  sac  on  the  nasal  side. 
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This  fossa  is  bounded  by  two  crests,  of  which  the  anterior 
is  clearly  the  unbroken  continuation  of  the  infra-orbital 
margin,  whilst  the  posterior  can  be  traced,  though  less 
definitely,  as  a  downward  prolongation  of  the  supra-orbital 
margin.  The  whole  outline  therefore  assumes  the  form  of 
one  coil  of  an  undulating  spiral,  the  two  ends  of  which 
overlap  on  the  nasal  side  and  enclose  the  fossa.  This  overlap 
is  not  only  obvious  from  the  lateral  aspect  but  in  most  cases 
can  be  seen  from  the  front,  owing  to  the  pushing  outward  of 
the  upper  overlap  of  the  spiral,  that  is  the  posterior  lacrimal 
crest,  by  the  development  of  the  ethmoidal  air-cells,  as  is 
seen  in  Figs.  6,  9. 

It  is  convenient  for  descriptive  purposes  to  subdivide 
the  margin  into  four  segments  corresponding  to  the  four 
walls  of  the  orbit,  namely,  the  supra-orbital,  lateral,  infra- 
orbital,  and  medial  margins,  though  the  limits  of  these 
regions  can  be  defined  less  strictly  than  the  walls,  owing  to 
the  fact  that  they  may  be  united  by  either  curves  or  well- 
marked  angles,  according  to  type. 

Four  bones  form  the  orbital  margin :  the  frontal, 
zygomatic  (malar),  maxilla,  and  lacrimal : 

(i.)  The  supra-orbital  margin  is  formed  entirely  by  the 
frontal. 

(ii.)  The  lateral  margin  by  frontal  and  zygomatic. 

(iii.)  The  infra-orbital  margin  by  zygomatic  and  maxilla. 

(iv.)  The  medial  margin  by  maxilla  and  frontal,  with  the 
addition  of  the  lacrimal  posterior  to  the  former. 
Three  sutures  interrupt  its  continuity  : 

(a)  The  zygomatico-frontalj[(fron to- malar)  laterally. 

(6)  The  fronto-maxillary  on  the  medial  side. 

(c)  The  zygomatico-maxillary  on  the  infra-orbital  margin. 

In  the  following  description  attention  will  also  be  drawn 
to  certain  features  of  immediate  interest  which  lie  beyond 
the  margin  itself. 

(i.)  The  supra-orbital  margin  (margo  supraorbitalis)  is 
curved  to  a  degree  which  varies  in  individuals  and  races. 
It  is  sharp  in  the  lateral  two-thirds,  that  is,  as  far  as  the 
supra-orbital  notch,  but  is  rounded  in  the  medial  third,  where 
it  is  crossed  by  vessels  and  nerves.  It  is  formed  wholly  by 


,V  MAXILLA 


FJG.  5.— The  Orbital  Margin.  Frontal  section  of  left  half  of  skull  passing  just  behind  orbital 
margin  (the  lacrimal  bone  has  broken  away).  Natural  size.  Orbital  height  =  32  nun., 
orbital  width  =  41  mm.,  orbital  index,  78-05. 

F.  S.  P.  —  Fronto-sphenoidal  process  of  zygomatic  bone 
F.P.=  Frontal  process  of  maxilla. 
O.T.  =  Orbital  tubercle  of  zygomatic  bone,  just  cut. 
Z.F.  =Zygomatico-facial  foramen. 
T.M.  =  Tuberositas  malaris, 

I. O.F.  =  Infra-orbital    foramen,    surmounted    by    an 
infra-orbital  tubercle. 


S.O.G.  =  Supra-orbital  grooves. 

S.O.  R.  =  Supra-orbital  ridge. 

S.O.F. —Supra-orbital  foramen. 

G.  =  the  Glabella. 

M.A.P.  =  Medial  angular  process  of  frontal  bone. 

L.A.  P.  —  Lateral  angular  process  of  frontal  bone. 


The  dotted  lines  show  the  position  of  the  minute  osseous  canals  through  which  run  the 
anterior  superior  alveolar  (dental)  nerve  and  accompanying  artery.  The  ascending  canal 
contains  an  arterial  twig  only  and  it  emerges  from  p.  foramen  in  the  sutura  notha  to  anastomose 
with  the  facial  artery  at  F.  The  horizontal  canal  contains  both  nerve  and  arterial  twigs  which 
supply  the  nasal  mucous  membrane,  and  the  foramen  through  which  they  emerge  on  the 
nasal  aspect  of  the  frontal  process  of  the  maxilla  can  be  seen  in  Figs.  32  and  33.  Compare 
with  Fig.  17. 
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the  frontal  bone,  and  corresponds  to  the  junction  of  its 
vertical  and  horizontal  portions  (pars  frontalis  and  pars 
orbitalis),  as  seen  in  Fig.  12,  a.  It  forms  an  arcade  extending 
between  the  medial  and  lateral  angular  processes  of  that 
bone  (pars  nasalis  and  processus  zygomaticus) ,  which  pro- 
cesses form  also  the  upper  parts  of  the  medial  and  lateral 
orbital  margins  respectively. 

At  the  junction  of  the  medial  third  with  the  lateral 
two-thirds  the  supra-orbital  margin  is  cut  by  the  supra- 
orbital  notch  (incisura  supraorbitalis) ,  which  in  about  a 
quarter  of  cases  is  converted  into  a  foramen  (foramen  supra- 
orbitale).  The  notch  is  bridged  in  life  by  the  thickened 
edge  of  the  septum  orbitale,  and  transmits  from  within  the 
orbit  to  the  forehead  the  supra-orbital  nerve  and  vessels, 
as  shown  in  Fig.  54,  p.  123  ;  it  is  situated  about  25  mm. 
or  an  inch  (varying  from  13  to  40  mm.  ;  Schwegel,  1859) 
from  the  mid-line  of  the  skull,  is  from  3  to  5  mm.  broad, 
and  its  lateral  boundary  is  sharper  than  the  medial ;  the 
size,  form,  and  depth  are  very  variable.  In  rare  cases  the 
supra-orbital  margin  is  unmarked  by  grooves,  a  smooth 
condition  ("  pithekoid  ")  typical  of  the  higher  apes.  On 
the  other  hand,  the  nerve  sometimes  cuts  the  margin  so 
deeply  that  it  lies  in  a  supra-orbital  canal  (canalis  supra- 
orbitalis),  which  may  lie  from  5  to  30  mm.  deep  to  the 
rim,  and  be  from  5  to  15  mm.  long,  as  seen  in  Figs.  5, 
6,  10.  Leading  from  the  supra-orbital  notch,  there  are 
occasionally  to  be  seen  long  grooves,  which  pass  upwards  and 
lateralwards  over  the  face  of  the  frontal  bone,  as  in  Fig.  5. 
These  '  supra-orbital  grooves  '  contain  the  nerve,  artery, 
and  vein,  or  may  lodge  only  one  of  them  ;  they  are  not 
dependent  upon  the  presence  or  absence  of  the  supra- 
orbital  notches,  and  they  may  be  found  at  all  ages  (even 
in  the  foetal  skull,  Fig.  43,  p.  96),  and  their  relative 
frequency  is  marked  in  some  races,  but  not  in  others.  Zoja 
(1884)  found  them  in  16-4  per  cent  of  908  skulls,  and  they 
have  been  seen  roofed  over  to  form  long  canals.  Dixon 
(1904),  who  has  described  them  at  length,  considers  them 
caused  by  the  growth  of  the  nerves  not  having  been  pro- 
portionate to  the  expansion  of  the  cranium.  Opening  into 
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or  near  the  supra-orbital  notch  there  is  nearly  always  a 
minute  foramen  called  the  "  supra-ciliary  canal '  by  Ward 
(1858),  who  found  it  constant  in  the  foetal  skull  and  in  72 
out  of  105  adult  skulls.  Zweibach  (1900)  found  it  present 
in  50  per  cent  of  1062  skulls.  It  may  be  single  or  double, 
and  it  transmits  a  nutrient  artery  into  the  bone  and  allows 
exit  of  the  anterior  or  frontal  diploic  vein,  which  drains 
blood  from  the  diploe  of  the  frontal  bone  and  mucous  mem- 
brane of  the  frontal  air- sinus.  A  nerve  filament  ("  nerve  of 
Kobelt  ")  also  enters  it ;  it  may  open  into  the  frontal  sinus 
and  afford  a  channel  for  the  transmission  of  disease  ;  an 
example  is  seen  in  Fig.  27  (second  bone),  p.  61. 

A  short  distance  to  the  medial  side  of  the  supra-orbital 
notch  there  occurs  in  about  50  per  cent  of  cases  a  second 
one,  the  frontal  notch  (incisura  frontalis),  which  likewise, 
though  much  more  rarely,  may  either  be  converted  into  a 
foramen  by  ossification  of  the  periosteal  ligament  which 
bridges  it  (2\  per  cent),  or  even  form  a  short  canal,  as  in 
Fig.  6,  or  be  continued  into  a  groove  over  the  frontal  bone. 
It  transmits  the  medial  frontal  division  of  the  supra-orbital 
nerve  when  the  latter  has  divided  within  the  orbit,  together 
with  corresponding  blood-vessels.  Both  these  notches  have 
been  studied  specially  by  Zweibach  (1900),  from  whose 
account,  as  cited  by  both  Merkel'(i9Oi)  and  Ledouble  (1906), 
the  following  table  is  taken. 

On  examination  of  1062  skulls  there  were  found — 


Orbits. 

Orbits. 

Right. 

Left. 

Right. 

Left. 

% 

7, 

o/ 
/o 

% 

Supra-orbital  notch 

7°'5 

67-7 

Frontal  notch 

47'5 

47 

,,             foramen 

22-2 

22-3 

,,        foramen  . 

2-5 

2-4 

„              canal    . 

2-8 

2-8 

Margin  smooth 

I 

5 

Neither  . 

48-3 

48-5 

with  numerous  variations  and  combinations  on  either  side. 
From  Ledouble's  figures,  quoting  various  other  authors, 
there  was  found  a  frontal  notch  in  25-7  per  cent  and  a  frontal 
foramen  in  1-7  per  cent  of  1738  orbits. 
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There  may  also  be  found  instances  of  supernumerary 
notches,  foramina,  and  canals  which  are  usually  smaller 
than  the  normal  ones  and  lie  to  their  lateral  side.  There 
appear  to  be  no  sexual  or  racial  peculiarities  in  their  dis- 


FIG.  6. — Skull  showing  both  Frontal  (medial)  and  Supra-orbital  (lateral)  Foramina, 

well-developed  Supra-orbital  Ridges,  two  Infra-orbital  Foramina  on  left  side, 

and  a  well-marked   Orbital   Tubercle  of  the  Zygomatic   bone.      Orbital  width 

=  42   mm.,  orbital  height  =  33-5  mm.,  orbital  index  =  79-76.      Kansas  Indian, 

adult  male.       x   about  f . 

position  ;  varieties  are  seen  in  different  figures.  As  in  the 
case  of  the  supernumerary  infra-orbital  canals,  the  variation 
is  no  doubt  due  to  the  nerve  dividing  abnormally  into 
separate  branches  within  the  orbit  instead  of  after  leaving 
that  cavity.  Practically  it  is  important  to  remember  that 
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the  nerve  can  thus  cross  the  orbital  margin  in  separate 
divisions,  and  it  should  be  noted  that  there  is  yet  another 
branch  of  the  frontal  nerve  (from  which  the  supra-orbital 
is  derived),  namely,  the  supra-trochlear,  which  leaves  the 
orbit  and  crosses  the  margin  still  nearer  the  mid-line  of  the 
skull  (Fig.  8). 

Above  the  inner  half  of  each  supra-orbital  margin  in  the 
male  skull  there  is  usually  a  prominence  of  the  bone  called 
the  supra  -  orbital  ridge  (arcus  superciliaris)  or  super- 
ciliary arch.  These  ridges,  which  are  variable  in  size, 
form  a  characteristic  difference  between  the  sexes  (see  Fig. 
44,  p.  101)  ;  at  the  mid-line  they  meet  to  form  a  low 
eminence,  the  '  glabella  '  (from  the  Latin  glaber,  smooth, 
hairless),  and  between  them  and  the  outstanding  lateral 
angular  processes  lie  shallow  and  obliquely  placed  depres- 
sions, along  which  there  sometimes  pass  the  supra-orbital 
nerves  and  vessels,  and,  when  present,  the  supra-orbital 
•  grooves,  as  seen  in  Pig.  5,  p.  8.  Whilst  the  size  of  the  supra- 
orbital  ridges  is  due  to  the  degree  of  development  of  the  under- 
lying frontal  air-sinuses,  it  does  not  follow  that  the  sinuses 
are  small  or  absent  when  the  ridges  are  slightly  marked. 

(ii.)  The  lateral  orbital  margin  (outer,  external,  or 
temporal  border,  margo  laterally)  is  the  strongest  part  of 
the  orbital  rim  ;  it  is  curved  with  a  backwardly  directed 
concavity,  more  especially  marked  in  the  lower  part,  thereby 
permitting  a  greater  extension  of  the  lateral  range  of  vision 
on  the  ground  where  it  is  most  required,  whereas  in  the 
upper  region  the  prominence  of  the  lateral  angular  process 
of  the  frontal  bone  serves  to  protect  the  eye  from  injury  on 
the  side  where  blows  are  most  likely  to  fall  (Humphry). 
It  is  formed  by  parts  of  two  bones,  the  lateral  angular 
or  zygomatic  process  of  the  frontal  above,  and  the  fronto- 
sphenoidal  process  and  half  of  the  orbital  border  of  the 
zygomatic  bone  below.  The  zygomatico-frontal  suture  unit- 
ing these  processes  has  been  found  duplicated  in  17  out  of  400 
skulls  by  Nicola  (1903),  a  condition  explained  by  non-union 
of  the  lateral  angular  process,  for  which  a  secondary  centre 
of  ossification  is  described  (Fig.  41,  p.  94).  This  margin  may 
also  be  cut  by  a  second  suture  in  those  very  rare  cases  where 
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the  zygomatic  bone  consists  of  two  pieces  (mala  bipartite* 
or  os  japonicum,  found^'present  by  Ledouble  in  0-16  per 
cent  of  European  andin  21-1  per  cent  of  Japanese  skulls). 

The  lateral  angular  or  zygomatic  process  of  the  frontal 
bone  is  strong  and  prominent  in  the  male,  narrow  and  more 
delicate  in  the  female  ;  just  beneath  it,  and  between  it 
and  the  globe  over  which  it  arches,  is  lodged  the  lacrimal 
gland.  The  sharp  posterior  margin  of  this  process  marks 
the  beginning  of  the  temporal  ridge  (linea  temporalis),  to 
which  is  attached  the  fascia  covering  the  temporal  muscle. 
Just  below  the  zygomatico-frontal  suture  the  margin  is 
sometimes  marked  by  fine  hair-like  grooves  corresponding 
in  position  to  the  terminal  branches  of  the  lacrimal  nerve 
which  supply  the  skin  in  this  region. 

The  breadth  of  the  fronto-sphenoidal  process  of  the 
zygomatic  bone,  as  seen  from  the  side,  varies  greatly.  Its 
degree  of  recession,  which  appears  to  be  a  racial  trait  in 
man,  is  combined  with  a  proportionately  pronounced  erection 
in  the  horizontal  sense,  and  so  has  an  effect  upon  the  frontal 
inclination  of  the  orbital  margin  (Oetteking,  1919).  On  its 
free  or  temporal  border  there  may  be  developed  to  a  variable • 
degree  the  processus  marginalis  of  Sommering,  also  called 
the  spina  zygomatica  by  Broca  (Fig.  20,  p.  49).  Accord- 
ing to  Ledouble  (1906),  this  process  is  more  pronounced  on 
the  right  side  and  in  the  male  ;  it  increases  in  old  age,  and 
is  a  muscular  process,  but  is  not  well  developed  in  Australian 
skulls  (A.  Thomson). 

On  the  orbital  surface  of  the  fronto-sphenoidal  process  of 
the  zygomatic  bone,  just  within  the  lateral  orbital  margin 
at  its  centre  and  about  n  mm.  below  the  suture,  is  a  small 
tubercle,  which  may  be  termed  the  lateral  palpebral  or 
'  orbital  tubercle  '  (tuberculum  orbitale)  of  the  zygomatic 
bone  ;  it  is  illustrated  in  Fig.  7,  and  is  well  seen  in  the  orbits 
shown  in  Figs.  5,  6,  39.  Often  inconspicuous,  it  can  generally 
be  appreciated  more  readily  by  the  touch  ;  it  is  of  importance 
as  marking  the  point  of  attachment  of  (a)  the  '  check 
ligament ' '  of  the  lateral  rectus  muscle ;  (b)  the  suspensory 
ligament  of  the  eyeball ;  (c)  the  lateral  palpebral  ligament. ; 
and  (d)  the  aponeurosis  of  the  levator  palpebrae  superioris 
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muscle  (these  confluent  attachments  forming  the  retinaculum 
oculi  laterale  of  Hesser,  1913  ;  shown  in  Fig.  55,  p.  124).  It 
was  found  present  in  more  than  95  per  cent  of  2000  skulls 
of  all  races  (Whitnall,  1911). 

The  facial  aspect  of  the  zygomatic  bone  may  present  at 
its  centre  a  slight  tuberosity  (tuber ositas  malaris).  This 
underlies  the  most  prominent  part  of  the  cheek  and  marks 
the  attachment  of  the  zygomaticus  major  muscle,  as 
indicated  in  Fig.  59,  p.  131 ;  it  can  sometimes  be  felt  in 
life,  and  is  in  line  with  the  infero-lateral  angle  of  the  orbital 

margin  and  the  long  axis 
of  the  inferior  orbital  fis- 
sure. On  this  surface  of 
the  bone  there  is  also  to 
be  seen  the  single  or 
double  opening  of  the 
zygomatic  canal  (foramen 
zygomatico-faciale,  Figs. 
7,  10,  20,  21),  through 
which  there  passes  from 
within  the  orbit  to  the 
skin  of  the  cheek  the 
zygomatico-facial  branch 

FIG.  7. — Left  Zygomatic  Bone  seen  from  in  front        ,.     ,  , 

in    natural  position,    showing  the   Orbital    ol    tne    ZygOmatlC     nerve 

Tubercle    (tuberculum   orbitale).     Natural    from   the   maxillary  divi- 

size. 

sion  of  the  fifth  cranial 

nerve,  seen  in  Fig.  53,  p.  122,  together  with  an  arterial  twig, 
(iii.)  The  infra  -  orbital  margin  (margo  infraorbitalis) 
is  flattened,  its  edge  is  blunt  and  projects  but  little  over  the 
orbital  cavity.  Laterally  it  curves  widely  round  into  the 
lateral  margin  ;  medially  it  slopes  upwards,  to  become 

continuous  with  the  anterior  lacrimal  crest  of  the  frontal 

I 

process  of  the  maxilla.  It  is  formed  by  the  confluent 
'  orbital  borders  '  of  two  bones,  the  zygomatic  on  the 
lateral  side,  the  maxilla  on  the  medial  side,  each  contributing 
a  half,  so  that  the  zygomatico  -  maxillary  suture  uniting 
them  lies  at  about  the  middle  of  the  margin  (p.  41).  At  this 
point  there  is  frequently  an  elevation  which  can  be  felt  in 
life,  the  "  infra -orbital  tubercle  '  (tuberculum  infraorbitale 
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marginale,  Fig.  5)  ;  Zuckerkandl  found  it  more  fre- 
quently present  in  Malays  (19  out  of  30  skulls)  than  in 
Europeans.  The  infra-orbital  part  of  the  orbital  border 
of  the  zygomatic  bone  usually  forms  a  long  thin  spur,  the 
'  marginal  process,"  which  rests  upon  the  maxilla  lateral  to 
the  suture  (Figs.  7,  13)  ;  it  may  be  broken  off  by  injury, 
or,  very  rarely,  exist  as  a  separate  ossiculum  infraorbitale 
marginale  (Griiber,  1877). 

Directly  below  the  suture,  and  about  10  mm.,  but  varying 
from  4  to  12  mm.  (J  to  J  inch)  from  the  margin  and  in  rare 
cases  even  less,  is  an  opening  on  the  face  of  the  maxilla, 
the  infra-orbital  foramen  (foramen  infraorbitale),  which 
leads  into  the  infra-orbital  sulcus  on  the  floor  of  the 
orbit ;  this  foramen  varies  in  shape  from  a  circular 
opening  to  a  vertically  placed  slit  ;  usually  it  is  oval 
in  outline,  from  4  to  5  mm.  deep  by  3  to  4  mm. 
wide ;  its  lateral  edge  is  sharp,  and  its  opening  is 
directed  downwards  and  medially,  as  is  seen  in  Fig.  21, 
p.  50.  There  is  to  be  found  rarely  a  second  or  "  super- 
numerary infra -orbital  foramen  '  (foramen  infraorbitale 
supernumerarium  of  Griiber),  as  in  the  case  of  the  supra- 
orbital  notch,  and  similarly  explained  by  an  early  division 
of  the  nerve  (Fig.  6)  ;  the  two  foramina  may  lie  as  far  as 
i  cm.  apart  ;  also  "  supplementary  infra-orbital  foramina  ' 
(foramina  infraorbitalia  anomala)  may  occur  lateral  or 
medial  to  and  smaller  than  the  main  foramen.  Finally, 
there  may  be  seen  minute  '  false  infra-orbital  foramina  ' 
on  the  anterior  face  of  the  maxilla  which  do  not  lead  into 
the  orbit  but  into  either  the  maxillary  antrum,  the  nasal 
fossa,  or  a  nutrient  dental  canal.  Ledouble  found  a  double 
infra-orbital  foramen  in  about  u  per  cent  of  nearly  3000 
skulls,  and  more  often  on  one  side  than  on  both  ;  three, 
four,  or  even  five  extra  openings  have  been  noted  ;  Poirier 
(1912)  in  217  skulls  found  35  double,  2  triple,  and  i  case  of 
quadruple  foramina. 

Through  the  foramen  pass  the  infra-orbital  nerve  the 
main  continuation  of  the  maxillary  division  of  the  fifth 
cranial  nerve)  and  artery  (a  branch  of  the  internal  maxillary) . 
At  this  point  of  emergence  upon  the  face  the  nerve  lies  in  a 
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hollow  much  deeper  from  the  surface  than  might  be  sup- 
posed, an  average  depth  being  10  mm.  or  nearly  J  inch  ; 
it  is  embedded  in  fat  and  covered  by  the  levator  labii 
superioris  muscle  (caput  infraorbitale  of  the  quadratus  labii 
superioris),  the  origin  of  which  is  sometimes  marked  by 
a  slight  ridge  just  above  the  foramen,  as  well  as  by  the 
orbicularis  oculi  muscle  and  the  skin.  Below  the  foramen 
arises  the  levator  anguli  oris  (caninus)  muscle  (Fig.  59,  p.  131). 
The  bridge  of  bone  between  the  infra-orbital  margin  and 
the  foramen  may  be  marked  by  a  fine  vertically  directed 
suture  (sutura  infraorbitalis  verticalis  vel  sagittalis) ,  indicating 
the  line  of  fusion  of  the  maxilla  as  it  closed  up  round  the 
nerve  in  development.  It  usually  cuts  the  margin  at  a 
point  medial  to  the  zygomatico- maxillary  suture,  and  in 
most  cases  is  obliterated  early  in  life  ;  an  example  is  seen 
in  the  female  skull,  Fig.  44,  p.  101.  The  face  of  the 
maxilla  below  the  foramen  forms  the  anterior  wall  of  the 
maxillary  air-sinus  (antrum  of  Highmore),  and  embedded 
in  a  minute  canal  in  its  substance  is  the  anterior  superior 
alveolar  (dental)  nerve.  The  nerve  arises  from  the  lateral 
aspect  of  the  forepart  of  the  infra-orbital  nerve,  and  in 
company  with  a  small  artery  winds  round  below  the  foramen 
to  gain  its  medial  side  before  bending  downwards  at  an 
angle  to  reach  the  two  incisors  and  canine  teeth  which  it 
supplies.  From  the  artery  and  nerve  twigs  pass  through 
minute  bony  channels  to  the  mucous  membrane  lining  the 
nasal  cavity,  and  a  communication  is  effected  with  the  facial 
artery  by  a  vessel  which  lies  in  a  groove  (the  sutura 
notha)  on  the  face  of  the  frontal  process  of  the  maxilla  at 
the  infero-medial  angle  of  the  orbital  margin,  as  indicated 
in  Fig.  5,  p.  8.  By  these  intra- osseous  paths  it  is  possible 
for  disease  of  dental  origin,  especially  from  the  canine 
tooth,  to  spread  to  ocular  or  lacrimal  regions  (see  also  the 
paper  by  Hardy,  1917).  Occasionally  the  infra- orbital 
margin  may  be  faintly  grooved  by  the  passage  over  it  of 
a  branch  of  the  infra-orbital  artery.  Other  variations  in 
the  bones  forming  this  border  concern  the  medial  half,  and 
may  result  in  exclusion  of  the  maxilla  from  it,  either  by 
extension  of  the  marginal  process  of  the  zygomatic  as  a 
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long  spur  up  to  the  lacrimal  bone,  as  is  constant  in  lower 
mammals  with  enclosed  orbits  (the  extremely  rare  condition 
in  man  of  a  '  lacrimo-jugal  suture  "  so  formed  was  found 
present  by  Reid  (1910)  in  two  out  of  4500  skulls  at 
Cambridge),  or  by  the  intervention  of  a  hamular  process 
of  the  lacrimal  bone  (Fig.  19,  p.  48).  These  abnormalities 
have  been  studied  by  Griiber,  and  are  tabulated  by  Merkel 
(1901).  The  varieties  of  the  infra-orbital  suture  will  be 
found  in  Ledouble's  treatise  (1906),  and  are  also  the 
subject  of  papers  by  Turner  (1885)  and  Davida  (1913). 

(iv.)  The  medial  orbital  margin  (internal  or  nasal 
border,  margo  medialis)  is  the  most  ill-defined  segment  of 
the  margin,  since  it  is  not  only  rounded  and  indistinct  in 
its  upper  part,  but  is  complicated  below  by  the  presence  of 
the  fossa  for  the  lacrimal  sac  (fossa  sacci  lacrimalis).  It  is 
formed  by  means  of  three  bones  :  in  its  upper  part  by  the 
medial  angular  process  (pars  nasalis)  of  the  frontal  bone  ; 
in  its  lower  part  by  the  lacrimal  bone  behind,  together  with 
the  frontal  (nasal  or  ascending)  process  of  the  maxilla  in 
front.  The  supra-orbital  margin  medial  to  the  notch  loses 
its  sharpness,  but  though  interrupted  by  slight  vascular 
grooves  is  still  traceable  as  a  rough  line  passing  downwards 
and  slightly  backwards  into  the  sharp  posterior  lacrimal 
crest  (crista  lacrimalis  posterior)  of  the  lacrimal  bone  :  on 
the  other  hand,  the  infra-orbital  margin  traced  medially 
passes  upwards,  to  become  continuous  with  the  anterior 
lacrimal  crest  (crista  lacrimalis  anterior)  of  the  frontal  process 
of  the  maxilla.  Hence,  as  explained  on  p.  7,  the  ring 
formed  by  the  whole  orbital  margin  is  broken  on  the  medial 
side,  and  the  two  ends  which  form  the  lacrimal  crests 
separate  to  enclose  the  fossa  of  the  lacrimal  sac.  Opinions 
differ  as  to  whether  the  anterior  or  posterior  lacrimal  crest 
should  be  described  as  forming  the  exact  orbital  margin  in 
this  region,  the  fixation  being  chiefly  important  for  purposes 
of  mensuration  (p.  86) .  Merkel  took  the  posterior  crest,  since 
to  it  is  attached  the  septum  orbitale,  a  membrane  which  arises 
from  the  lip  of  the  whole  margin,  and  forms  the  true  limit 
to  the  orbital  contents  (Fig.  59,  p.  131)  :  the  fossa  then 
is  extra-orbital  in  position,  with  which  opinion  Evatt 
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concurs ;  Topinard,  on  the  other  hand,  considered  the 
whole  lacrimal  apparatus  to  lie  within  the  orbit.  Morpho- 
logically, the  position  of  the  fossa  is  interesting,  since  in 
most  mammals  it  is  undoubtedly  placed  outside  the  orbit, 
but  of  the  primates  in  lemurs  alone  is  it  so  placed,  being 
considered  to  lie  within  it  in  all  others  (Flower).  From  the 
attachments  of  the  septum  orbitale,  however,  the  posterior 
lacrimal  crest  must  be  taken  as  the  limit  of  the  orbital 
cavity  on  the  medial  side,  and  the  fossa  for  the  lacrimal  sac 
in  man  is  situated  on  the  margin,  which  is  broadened  out 
or  divides  to  accommodate  it  ;  so  also  it  will  be  found 
that  parts  of  the  chief  constituents  of  the  eyelids  (the  medial 
palpebral  ligament  of  the  tarsal  plate  and  the  orbicularis 
oculi  muscle)  divide,  and  are  attached  to  the  margin  both 
in  front  and  behind  the  fossa.  The  fossa  for  the  lacrimal 
sac  is  the  chief  feature  of  interest  in  this  margin,  but  in 
view  of  the  fact  that  it  is  partly  formed  by  the  lacrimal 
bone,  and,  moreover,  presents  important  deep  relations  to 
the  ethmoidal  air-cells,  which  structures  come  under  the 
heading  of  the  medial  wall,  its  description,  together  with 
that  of  its  continuation  the  naso-lacrimal  canal,  is  best 
deferred  until  later  (p.  64). 

There  remain  a  few  minor  points  to  be  noticed.  At  the 
junction  of  the  medial  and  inferior  orbital  margins,  that  is, 
at  the  base  of  the  anterior  lacrimal  crest,  there  is  in  many 
cases  a  small  "  lacrimal  tubercle,"  also  considered  later  in 
its  relation  to  the  lacrimal  fossa  on  p.  64.  On  the  lateral 
aspect  of  the  frontal  process  of  the  maxilla,  in  front  of  the 
lower  part  of  the  lacrimal  crest  and  running  parallel  with  it, 
there  is  constantly  to  be  seen  a  fine  groove,  the  sutura  notha 
or  sutura  longitudinalis  imperfecta  of  Weber  (Fig.  10).  It 
is  a  vascular  groove  lodging  a  branch  of  the  infra-orbital 
artery,  from  which  minute  twigs  pass  through  a  row  of 
small  foramina  into  the  bone  and  to  the  nasal  mucous 
membrane.  In  rare  instances  it  divides  off  a  strip  of  bone 
from  the  margin  to  form  the  ossiculum  maxillo-frontale  of 
Macalister  (who  found  it  in  i  per  cent  of  English  skulls), 
or,  since  the  fragment  helps  to  form  the  lacrimal  fossa,  the 
os  de  la  gouttiere  lacrymale  of  Ledouble  (1-6  per  cent  of  2723 
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skulls),  who  suggests  a  possible  secondary  centre  of  ossifica- 
tion for  this  piece.  Ledouble  also  records  and  figures 
three  cases  of  separation  of  the  medial  angular  process  of 
the  frontal  bone  to  form  an  os  maxillo-naso-lacrimo- 
frontal ;  this  he  regards  as  a  Wormian  bone,  but  it  has  been 
held  to  represent  the  pre-f rental  of  lower  vertebrates  ;  it 
may  be  explained  by  non-union  of  a  part  of  the  bone  devel- 
oped from  a  secondary  centre  of  ossification  (Fig.  41,  p.  94). 
The  relations  of  the  whole  orbital  margin  to  the  eyeball 
are  considered  under  the  section  devoted  to  the  latter  and 
will  be  found  on  p.  256,  and  its  dimensions  are  given  under 
mensuration  on  p.  87. 

The    Surface    Anatomy    of   the    Orbital    Margin .- 

The  whole  margin  can  be  defined  in  life  and  its  main  features 
identified  by  the  finger.  In  the  mid-line  above  the  hollow 
at  the  root  of  the  nose  the  glabella  can  be  felt,  and  lateral 
to  this  on  either  side  the  prominence  of  the  supra-orbital 
ridge  ;  overlying  the  bone  between  the  ridge  and  the  actual 
orbital  margin  is  the  ' '  head  ' '  of  the  eyebrow.  The  medial 
third  of  the  supra-orbital  margin  is  rounded  and  indistinct 
as  it  passes  downwards  into  the  medial  angular  process  of 
the  frontal  bone,  but  may  present  a  frontal  notch  about  a 
finger's  breadth  from  the  mesial  plane  ;  lateral  to  this, 
at  the  junction  of  the  medial  third  and  lateral  two-thirds 
of  the  margin  and  about  an  inch  from  the  mid-line  of  the 
skull,  the  supra-orbital  notch  may  be  felt,  and  the  presence 
of  the  corresponding  nerve  realised  by  pressure  above  the 
margin.  A  line  drawn  downwards  from  this  notch  to  the 
interval  between  the  upper  two  bicuspid  teeth  crosses  the 
infra-orbital  foramen.  From  the  supra-orbital  notch  the 
sharp  lateral  two-thirds  of  the  margin  can  be  traced  round 
the  supero  -  lateral  angle  to  the  zygomatico  -  frontal 
suture  and  the  upper  part  of  the  lateral  orbital  margin. 
This  suture  can  always  be  felt  owing  to  a  notch  on  its 
hinder  edge.  It  lies  at  a  slightly  higher  level  than  the  corre- 
sponding fronto-maxillary  suture  on  the  opposite  margin 
of  the  orbit.  Above  the  suture  the  prominent  lateral 
angular  process  of  the  frontal  bone  can  be  felt,  and  the 
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temporal  ridge  traced  upwards  from  its  posterior  edge  ; 
the  '  tail '  of  the  eyebrow  lies  over  this  process  and  the 
lacrimal  gland  lies  beneath  it,  though  nothing  can  be  felt 
of  this  organ.  Below  the  suture  the  lateral  margin  is  formed 
by  the  fronto-sphenoidal  process  of  the  zygomatic  bone  ; 
on  its  outer  side  there  may  be  felt  the  processus  marginalia 
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FIG.  8.  —To  illustrate  the  surface  anatomy  of  the  Orbital  Margin. 

projecting  backwards  towards  the  temporal  fossa ;  just 
below  it  the  zygomatico-temporal  branch  of  the  zygomatic 
nerve  reaches  the  skin.  On  the  orbital  aspect  of  the  process, 
and  just  within  the  centre  of  the  lateral  margin,  lies  the 
orbital  tubercle  of  the  zygomatic  bone  :  it  can  be  felt 
by  inserting  the  finger-tip  deeply  between  the  orbital 
margin  and  the  eyeball  opposite  to  the  lateral  commissure 
(external  canthus)  of  the  eyelids  and  rubbing  the  finger 
up  and  down.  This  margin  is  backwardly  curved  to  such 
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an  extent  that  it  lies  on  a  plane  22  mm.  posterior  to  the  root 
of  the  nose,  12  mm.  behind  the  anterior  lacrimal  crest,  and 
7  mm.  behind  the  fovea  trochlearis  (Maddox).  Below 
the  suture  the  lateral  margin  can  be  traced  as  a  well-defined 
edge  downwards  round  the  infero-lateral  angle  of  the  base 
and  along  the  infra-orbital  margin  until  at,  or  a  little  medial 
to,  its  centre  the  zygomatico-maxillary  suture  is  felt. 
The  site  of  the  suture  may  be  more  obvious  owing  to  the 
presence  of  an  infra-orbital  tubercle,  and  about  i  cm.  below 
it  and  the  same  distance  from  the  skin  there  is  situated  the 
infra-orbital  foramen.  Medial  to  this  suture,  the  margin 
slopes  upwards  into  the  anterior  lacrimal  crest,  at  the 
commencement  of  which  there  may  be  felt  a  lacrimal 
tubercle.  It  is  generally  easy  to  feel  with  the  finger-nail 
the  depression  of  the  fossa  for  the  lacrimal  sac  behind 
this  crest,  and  behind  and  above  the  tubercle  if  present, 
and  also  to  identify  the  posterior  lacrimal  crest  which  bounds 
the  fossa  behind.  In  the"  upper  part  of  the  fossa  the  outlines 
are  rendered  indistinct  by  the  medial  palpebral  ligament 
(lendo  oculi  intermix)  which  crosses  it.  The  fronto-maxillary 
suture  cannot  be  felt ;  above  it  the  margin  curves  up  into 
the  supra-orbital  margin,  so  forming  the  supero-medial 
angle  of  the  base.  It  is  full  and  rounded,  and  is  crossed  by 
the  supra-trochlear  nerve  and  by  the  important  anastomoses 
between  the  ophthalmic  blood-vessels  and  the  angular  vessels 
of  the  face.  By  pressing  the  end  of  the  thumb  within 
this  angle  the  trochlea  or  pulley  of  the  superior  oblique 
muscle  can  readily  be  felt  on  the  orbital  roof. 

As  regards  the  relation  of  the  orbital  margin  to  the  brain, 
it  may  be  noted  that  the  anterior  pole  of  the  temporal  lobe 
lies  about  2  to  2\  cms.  or  i  inch  behind  the  zygomatico- 
f rental  suture  of  the  lateral  margin,  and  about  the  same 
distance  above  the  zygoma  ;  the  inferior  surface  of  the 
frontal  lobe  lies  about  half  an  inch  above  the  suture,  and  its 
medial  lower  edge  is  on  a  level  with  the  front o-nasal  suture. 

The  position  of  the  vessels  and  nerves  which  cross  the 
orbital  margin  in  various  regions  is  shown  in  Fig.  8  and  Fig. 
83,  p.  162.  Overlying  the  whole  margin  is  the  orbital  part 
of  the  orbicularis  oculi  muscle,  covered  by  superficial  fascia 
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and  skin,  which  are  thickened  to  form  the  eyebrow  in  the 
supra-orbital  region. 

3.  THE  WALLS  OF  THE  ORBIT 

For  convenience  of  description  the  orbital  cavity  is 
regarded  as  being  bounded  by  four  walls,  but  the  four  angles 
formed  between  them  are  so  rounded  off,  especially  in  front, 
that  certain  features  may  be  described  as  belonging  to  either 
one  or  the  other  of  two  adjacent  walls.  The  walls  are  : 
(i.)  The  roof  or  superior  wall  (paries  superior). 

(ii.)  The  lateral  or  external  wall  (paries  lateralis). 

(iii.)  The  floor  or  inferior  wall  (paries  inferior). 

(iv.)  The  medial  or  internal  wall  (paries  medialis). 

Of  these,  the  medial  wall  alone  is  quadrilateral  in  shape  ; 
the  others  are  triangular  in  outline,  with  the  apices  behind 
and  the  bases  in  front  at  the  margin  ;  the  floor  is  the  shortest 
and  extends  only  to  two-thirds  of  the  depth  of  the  cavity. 
The  lateral  wall  is  best  demarked  owing  to  the  presence  of 
the  superior  and  inferior  orbital  fissures  above  and  below 
its  posterior  part  ;  the  medial  wall  may  be  limited  above 
and  below  by  prolonging  forwards  and  backwards  the  lines 
of  the  upper  and  lower  sutures  of  the  ethmoidal  bone. 

The  bones  forming  the  walls  are  chiefly  those  which  have 
already  been  seen  to  form  the  margin,  namely,  the  frontal, 
zygomatic,  maxilla,  and  lacrimal ;  in  addition,  portions  of 
the  sphenoidal,  ethmoidal,  and  palatine  help  to  complete 
the  walls  posteriorly  ;  of  these  bones  the  frontal,  sphenoidal, 
and  ethmoidal  are  common  to  both  orbits. 

(i.)  The  roof  is  formed  by  the  frontal,  and  the  lesser 
wing  (ala  parva)  of  the  sphenoidal  bone. 

(ii.)  The  lateral  wall  is  formed  by  the  zygomatic,  and 
greater  wing  (ala  magna)  of  the  sphenoidal,  together  with 
a  small  part  of  the  frontal  bone. 

(iii.)  The  floor  is  formed  by  the  maxilla,  together  with 
the  palatine  and  part  of  the  zygomatic  bone. 

(iv.)  The  medial  wall  is  formed  by  the  frontal,  lacrimal, 
ethmoidal,  and  body  of  the  sphenoidal  bone. 

(i.)  The   Roof   (superior  or  cerebral  wall,   vault,   paries 
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superior)  is  separated  from  the  medial  wall  in  greater  part 
by  the  fronto-ethmoidal  suture  ;  a  backward  prolongation 
of  this  line  passes  just  below  the  optic  foramen  (which  lies, 
therefore,  in  the  apex  of  the  roof)  and  cuts  into  the  widest 
part  of  the  superior  orbital  fissure,  whilst  its  forward  pro- 
longation runs  across  the  medial  angular  process  of  the 
frontal  bone  and  approximately  hits  off  that  point  at  the 
root  of  the  nose  where  the  nasal  bones  articulate  with  the 


FIG.  9. — Right  Orbit,  showing  the  bones  which  form  it  and  the  apertures.       x  2. 

frontal  (known  in  craniometry  as  the  point  nasion).  The 
line  of  separation  from  the  lateral  wall  is  indicated  by 
continuing  the  direction  of  the  upper  limb  of  the  superior 
orbital  fissure  until  it  cuts  the  supero-lateral  angle  of  the 
margin  at  the  most  prominent  point  of  the  lateral  angular 
process  of  the  frontal,  a  short  distance  above  its  articulation 
with  the  zygomatic  bone.  The  roof  presents  in  outline  the 
shape  of  an  isosceles  triangle.  It  is  nearly  flat  at  the  apex 
behind,  and  of  increasing  concavity  in  front  ;  it  forms  a 
smooth  dome,  well  arched  from  side  to  side,  but  less  so  from 
behind  forwards.  It  is  formed  in  greater  part  by  the  orbital 
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plate  (pars  orbitalis)  of  the  frontal  bone,  and  is  completed 
behind  at  the  apex  by  a  small  triangular  piece  formed  by 
the  lesser  or  orbital  wing  (ala  parva)  of  the  sphenoidal  bone. 
This  piece  is  about  a  half  to  three-quarters  of  an  inch  in  length 
and  is  pierced  by  the  optic  foramen  (Fig.  n).  The  features 
to  be  noticed  in  the  roof  are  --  -  the  fossa  for  the  lacrimal 
gland,  the  fovea  trochlearis,  the  fronto-sphenoidal  suture, 
the  optic  foramen,  the  architecture,  and  the  relations  to 
adjacent  parts. 

The  fossa  for  the  lacrimal  gland  (fossa  glandulae 
lacrimalis)  is  a  depression  in  the  frontal  bone  at  the  antero- 
lateral  angle  of  the  roof  of  the  orbit  ;  it  is  overhung  by  the 
lateral  angular  process.  In  some  skulls  the  fossa  is  nearly 
conical  in  shape,  as  in  the  foetal  condition,  but  generally 
a  uniform  hollow  is  found,  the  fossa  being  merely  a  deeper 
part  of  the  general  concavity  of  the  roof  and  best  appreciated 
by  feeling  the  bone  with  the  finger  ;  its  limits  are  defined 
below  only  by  the  marked  ridge  running  along  the 
zygomatico-frontal  suture  on  the  lateral  orbital  wall,  as 
seen  in  the  right  orbit  of  Fig.  10.  Whether  the  marked 
difference  in  depth  found  in  various  skulls  (not  necessarily 
in  the  two  sexes)  is  accounted  for  by  a  corresponding  develop- 
ment of  the  gland  is  questionable,  since  the  fossa  not  only 
lodges  the  gland  but  is  filled  up  by  a  mass  of  orbital  fat 
behind  it ;  this  posterior  part  of  the  fossa  is  called  by 
Rochon-Duvigneaud  (1903)  the  loge  accessoire,  and  in  some 
cases  a  faint  undulation  of  the  surface  may  be  felt  to  demark 
the  two  regions. 

The  fovea  trochlearis  is  a  small  circular  pitting  or 
dimple  of  the  bone  in  the  antero-medial  angle  of  the  roof, 
4  to  5  mm.  from  the  orbital  margin  ;  its  position  is  said  to 
vary  according  to  the  shape  of  this  angle  of  the  orbit,  being 
found  higher  when  the  angle  is  narrow,  lower  when  the  angle 
is  broader  (Stanculeanu,  1902).  It  is  present  in  80  per  cent 
of  cases  on  one  or  both  sides,  and  marks  the  point  of  attach- 
ment of  the  cartilaginous  pulley  (trochlea)  of  the  superior 
oblique  muscle  of  the  globe.  Sometimes  it  is  surmounted 
by  a  small  spine,  the  spina  trochlearis,  as  seen  in  Fig.  21, 
p.  50,  for  which  a  secondary  centre  of  ossification  has 
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been  described  (Keibel  and  Mall,  1912).  Sperino  (1904) 
pointed  out  that  it  may  occupy  a  variable  position  with 
regard  to  the  fovea,  though  most  often  developed  above  and 
behind  it ;  in  the  observations  quoted  by  Ledouble  the 
spine  was  found  present  in  nearly  16  per  cent  of  1516  skulls, 
more  often  on  one  side  only  and  then  on  the  right,  and  in  all 
races,  at  any  age,  and  in  either  sex.  In  i  to  2  per  cent  of 
skulls  there  is  a  second  spine  situated  below  the  fovea,  and 
a  complete  bony 
ring  has  even  been 
observed.  These 
spines  are  formed 
by  ossification  of 
the  fibrous  bands 
which  attach  the 
ends  of  the  semi- 
lunar  cartilage  of 
the  pulley  to  the 
edges  of  the  fovea, 
and  the  more  fre- 
quent occurrence 
of  the  upper  one  is 
explained  by  the 
greater  traction 
exerted  upon  the 
corresponding  liga- 
ment, giving  rise  to 

an  activity  of  the  osteogenetic  periosteum.  The  bone  may 
be  grooved  above  the  fovea  trochlearis  by  the  supra-trochlear 
nerve,  and  below  by  the  infra-trochlear  nerve  and  terminal 
branches  of  the  ophthalmic  blood-vessels.  A  description  of 
the  pulley  itself  will  be  found  on  p.  274.  The  bony  wall 
on  which  it  is  situated  is  undermined  in  one-third  of  cases 
by  the  frontal  air-sinus,  as  is  well  shown  in  Fig.  63,  p.  135. 
The  fronto-sphenoidal  suture  (posterior  limb)  crosses 
the  apex  of  the  roof  obliquely  from  the  anterior  end  of  the 
superior  orbital  fissure  on  the  lateral  side  to  a  point  just 
behind  the  posterior  ethmoidal  foramen  on  the  medial  wall ; 
it  cuts  off  the  lesser  wing  of  the  sphenoidal  bone  with  the 


FIG.  10. — Features  in  the  orbital  walls.  The  Left  Orbit 
shows  the  fovea  trochlearis  as  a  dimple  in  the 
-  antero-rnedial  corner  of  the  roof ;  there  is  a  supra- 
orbital  canal,  a  well-marked  sutura  notha,  and 
triple  zygomati co-facial  foramina.  The  Right  Orbit 
shows  the  fossa  for  the  lacrimal  gland  beneath  the 
lateral  angular  process  of  the  frontal  bone  limited 
below  by  a  ridge  along  the  line  of  the  zygomatico- 
frontal  suture.  Calcutta  Indian  skull.  x  \. 
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enclosed  optic  foramen,  and  is  the  only  suture  which  normally 
crosses  the  roof,  but  is  usually  obliterated  in  the  adult. 

The  optic  foramen  (foramen  opticum)  -  -This  name  is 
commonly  applied  to  trie  anterior  or  orbital  opening  of  a 
short  canal  (canalis  nervi  optici,  canalis  opticus),  which  has 
also  a  posterior  or  cerebral  opening  into  the  middle  cranial 
fossa.  It  lies  in  the  apex  of  the  roof  of  the  orbit  at  the 
hinder  end  of  the  angle  between  the  roof  and  the  medial 
wall ;  it  is  nearly  in  line  with  the  two  ethmoidal  foramina, 
which  lie  along  this  angle,  and  the  nasion,  and  a  horizontal 
plane  drawn  through  this  lasft  point  at  the  root  of  the  nose 
would  pass  just  above  it.  The  distance  of  this  opening 
from  the  supra-orbital  margin  is  about  50  mm.  or  2  inches, 
but  the  precise  measurements  from  this  and  other  points 
on  the  margin  will  be  found  under  mensuration  on  p.  90, 
since  the  optic  foramen  is  the  point  from  which  the  lengths 
of  the  orbital  walls  are  usually  measured. 

The  optic  canal  is  formed  by  the  union  of  the  two  roots 
of  the  lesser  wing  of  the  sphenoidal  bone  which  spring  from 
the  side  of  its  body.  The  floor  projects  posteriorly,  the 
roof  anteriorly  :  that  is  to  say,  its  two  ends  are  obliquely 
cut  from  above  downwards  and  backwards,  as  shown  in 
Fig.  28,  p.  65,  but  the  bony  roof  is  prolonged  behind  for 
a  few  millimetres,  or  in  rare  cases  even  entirely  formed,  by 
a  fibrous  arcade  or  "  falciform  fold  "  of  the  dura  mater.  The 
length  of  the  canal  varies  from  4  to  9  mm.,  and  its  long  axis 
is  inclined  posteriorly  and  medially  (continuing  the  line 
of  the  lateral  orbital  wall)  so  that  the  axes  of  the  two  canals, 
which  are  separated  at  their  orbital  openings  by  a  distance 
of  about  25  mm.  or  i  inch,  would,  if  projected  backwards, 
meet  at  the  centre  of  the  dorsum  sellae  of  the  body  of  the 
sphenoid ;  this  central  meeting-point  lies  27  to  29  mm.  behind 
the  orbital  end  of  the  canal  along  its  projected  long  axis.  The 
canal  lies  opposite  the  middle  and  widest  part  of  the  zygoma 
and  a  finger's  breadth  above  it  ;  its  horizontal  distance  from 
the  centre  and  most  prominent  part  of  this  arch  was  40  mm. 
in  a  skull  of  five  years,  43  mm.  in  one  of  twelve  years,  49-5 
mm.  in  one  of  sixteen  years,  52-5  mm.  in  one  of  nineteen 
years,  52  mm.  in  an  adult  female,  and  60-5  in  an  adult  male 
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skull,  as  found  by  Weiss  (1890,  1897)  ;  the  position 
relative  to  the  zygoma  is  seen  in  Fig.  184,  p.  364.  The 
anterior  opening  is  oval  in  outline  arid  measures  5  to  6  mm. 
in  its  longest  (the  vertical)  diameter  ;  the  central  part  of  the 
canal  is  circular,  and  the  posterior  opening  is  generally  con- 
siderably flattened  from  above  downwards. 

The  contents  of  the  canal  are  the  optic  nerve  and  the 
ophthalmic  artery,  the  latter  being  accompanied  by  minute 
branches  from  the  carotid  plexus  of  the  sympathetic  nervous 
system.  The  optic  nerve  is  enclosed  in  sheaths  prolonged 
from  the  pia  mater,  arachnoidea,  and  dura  mater  of  the 
brain.  The  artery  is  embedded  in  the  dural  sheath  on  the 
lower  and  lateral  side  •  of  the  nerve,  and  ossification  of 
the  fibrous  septum  between  them  accounts  for  the  rare 
abnormality  of  a  "  doubled  optic  foramen  "  (Fig.  21,  p.  50), 
the  vessel  or  one  of  its  branches  passing  through  the  lower 
and  smaller  opening  ;  more  commonly  it  grooves  the  hinder 
part  of  the  floor  of  the  canal. 

The  relations  of  the  optic  canal  are  as  follows  :  superiorly 
a  fairly  strong  plate  of  bone  separates  it  from  the  base  of 
the  olfactory  tract  on  the  under  surface  of  the  frontal  lobe 
of  the  brain.  In  some  instances  the  roof  of  the  canal  is 
hollowed  out  by  an  extension  of  the  sphenoidal  air-sinus  ; 
indeed,  according  to  Howell  Evans  (1908),  this  "  optic 
projection  "  of  the  sinus  into  the  lesser  wing  or  the  clinoid 
process  of  the  sphenoidal  bone  occurs  as  often  as  i  in  3. 
On  the  infero-lateral  aspect  the  optic  canal  is  separated 
from  the  superior  orbital  fissure  by  a  bridge  of  bone  formed 
by  the  lateral  root  of  the  lesser  wing  of  the  sphenoid  ;  this 
bridge,  which  also  may  be  hollowed  out  by  an  extension 
of  the  sphenoidal  sinus  or  of  a  posterior  ethmoidal  air-cell, 
sometimes  presents  a  minute  tubercle  in  its  lower  part 
(Fig.  9),  to  which  is  attached  the  tendon  of  Zinn  (p.  263). 
Ledouble  has  seen  two  cases  in  which  the  bridge  was  absent, 
so  that  the  optic  canal  communicated  with  the  superior 
orbital  fissure,  a  condition  found  in  birds,  marsupials,  and 
whales.  On  the  medial  side  the  canal  is  in  relation  with 
the  sphenoidal  air-sinus  or  occasionally  with  a  posterior 
ethmoidal  air-cell.  According  to  Loeb  (1909)  the  optic 
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chiasma  is  nearly  always  related  in  front  to  both  the 
sphenoidal  sinuses  and  never  to  the  posterior  ethmoidal  cells, 
whilst  the  optic  nerve  is  usually  related  to  the  sphenoidal 
sinus  but  in  a  few  cases  to  an  ethmoidal  cell.  Onodi  (1903) 
even  classifies  thirty-eight  different  forms  and  twelve  groups 
of  relations  of  these  air-spaces  to  the  optic  canal,  which 
indicates  the  great  variation  that  may  occur  in  their 
arrangement. 

Fig.  ii  shows  a  sphenoidal  bone  in  which  the  optic  canal  is 


FIG.  ii. — Sphenoidal  Bone  from  in  front  (orbital  aspect).     Adult,      x  f . 

P.  =  Pterygoid  process. 
V.  =  Vidian  canal. 


H.~  Body  of  sphenoidal  bone. 

G.  =  Orbital  surface  of  greater  wing  separated 

from  the  lesser  wing  by  the  superior  orbital 

fissure. 
L.  =  Lesser  wing  pierced   by  the  optic  canal, 

through  which  a  rod  has  been  passed  on 

the  right  side. 


E.  =  Posterior  ethmoidal   cell    into  which    the 

optic  canal  projects. 
S.  =  Sphenoidal  sinus  showing  relation   to   F. , 

the  forajnen  rotundum. 


related  to  the  hindermost  ethmoidal  cell.  In  one  specimen 
of  the  Oxford  collection  the  sphenoidal  sinus  surrounds  the 
optic  canal  on  all  sides,  so  that  the  latter  passes  freely 
through  the  middle  of  the  cavity  as  a  bony  tube  ;  and  in 
the  M'Gill  Museum  is  one  specimen  in  which  a  large  posterior 
ethmoidal  cell  presents  a  similar  relation,  the  sphenoidal 
sinus  being  much  reduced  in  size,  and  another  specimen 
where  a  large  right  sphenoidal  sinus  is  related  to  both 
optic  canals.  The  frontal  sinus  has  been  seen  to  undermine 
the  roof  of  the  orbit  so.  far  back  as  to  come  close  to  the 
optic  canal,  but  the  maxillary  sinus  has  never  been  seen  by 
the  writer  to  extend  nearer  than  7  mm.  to  it. 
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The  most  important  fact  in  regard  to  these  relations  is 
the  delicacy  of  the  bony  wall  which  separates  the  optic 
canal  from  the  neighbouring  air-space,  especially  when  this 
is  formed  by  an  ethmoidal  cell ;  it  is  most  often  as  thin 
as  0*5  mm.,  but  has  been  found  from  5  to  7  mm.  thick 
(Stanculeanu,  1902).  Francis  and  Gibson  (1911)  found  a 
very  thin  wall  in  38  per  cent  of  cases  ;  this  wall,  moreover, 
may  be  the  site  of  senile  atrophy,  dehiscences  having  been 
recorded  by  Barraguer  (1896),  Berger  (1894),  Holmes,  C.  R. 
(1896  ;  two  cases  in  50  skulls),  and  Gallemaerts  (two  in 
200),  the  optic  nerve  in  its  sheath  being  then  in  contact  with 
the  mucous  membrane  lining  the  sinus  ;  one  such  case  has 
been  seen  by  the  writer. 

The  relations  of  the  ocular  muscles  at  their  origin  to  the 
anterior  optic  foramen  are  illustrated  in  Fig.  135,  p.  260,  and 
described  on  p.  262  ;  here  it  may  be  noted  that  the  superior 
and  medial  recti  muscles  are  closely  related  to  the  supero- 
medial  side  of  the  foramen,  with  the  superior  oblique  and 
levator  palpebrae  superioris  muscles  lying  just  above  them. 

The  architecture  of  the  roof  of  the  orbit.-  The 
roof  presents  more  variations  in  its  thickness  than  any  other 
wall ;  it  is  usually  about  I  mm.  thick,  but  is  often  of  such 
paper-like  delicacy  that  a  tap  with  the  finger-nail  will 
break  through  it,  and  dehiscences  due  to  atrophy  of  the 
bone  in  old  age  may  be  present,  the  periorbita  then  lying 
in  contact  with  the  dura  mater  ;  on  the  other  hand,  in  one 
case  it  was  found  to  be  4  mm.  thick  (Fig.  12,  b).  It  may  be 
doubled  in  lesser  or  greater  degree  by  extensions  from  the 
medial  side  of  the  frontal  and  ethmoidal  air-cells  between 
the  two  tables  of  the  bone,  as  indicated  in  Fig.  27,  p.  61. 
Witt  (1908)  finds  such  extensions  of  air-cells  over  the  roof  in 
one-third  of  cases  and  describes  three  types — (a)  formed  by 
the  frontal  sinus  alone,  (b)  by  the  frontal  sinus  and  one 
ethmoidal  cell,  (c)  by  the  frontal  sinus  and  two  ethmoidal 
cells,  each  cell  having  its  own  opening  into  the  nose  ;  he 
terms  them  "  orbito-ethmoidal  cells/'  Cryer  (1907)  calls 
them  '  supra-orbital  sinuses  '  and  notes  that  the  posterior 
ethmoidal  cells  also  may  occasionally  form  them.  The 
two  walls  thus  formed  may  be  very  thin  or  fairly  thick,  and 
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any  variation  between  these  extremes,  which  are  illustrated 

in  Fig.  12  and  Fig. 
28,  p.  65,  may  be 
found  on  examina- 
tion of  a  series  of 
bones. 

The  posterior 
two  -  thirds  of  the 
roof  is  usually  the 
thinnest  part,  and 
on  holding  the  bone 
up  to  the  light  there 
may  be  seen  the 
lines  of]  certain 
ridges  formed  on 
the  cerebral  aspect. 
These  ridges  (juga 
cerebralia)  and  the 
hollows  between 
them  (impressiones 
di  git  at  ae)  are 
moulded  by  the 
sulci  and  convolu- 
tions of  the  super- 
imposed inferior 
surface  of  the 
frontal  lobe  of  the 
brain  (Fig.  166,  p. 
319).  The  anterior 
third  of  the  roof  is 
always  thicker  and 
is  not  transparent. 
Abnormal  sutures 
may  divide  the  roof 
into  many  pieces, 
and  under  the  de- 
signation of  "  accessory  frontal  bones '  Augier  (1912) 
classifies  six  varieties.  Tenchini  (1905)  has  observed  an 
abnormal  "  orbito-frontal  emissary  vein/'  which  passed 


FIG.  12. — Architecture  of  Orbital  Roof, 
three  types.       x  f . 

a  —  Thin,  normal.  P. F.  =  pats  frontalis,  P.O.  —pars 
orbitalis  of  frontal  bone. 

b  =  Thick,  solid. 

c  =  Doubledby  extensions  of  air-cells  with  thick  walls  (com- 
pare Fig.  28.  where  the  walls  are  thin,  making  a  fourth  type). 
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from  the  superior  longitudinal  sinus  of  the  brain  through 
the  roof  of  the  orbit  to  join  the  superior  ophthalmic  vein. 

The  bone  in  the  antero-lateral  region  of  the  roof  is  some- 
times marked  by  an  area  of  numerous  fine  holes,  termed 
cribra  orbitalia  by  Welcker  (1887),  which  may  even  extend 
medially  across  the  greater  part  of  the  roof.  This  porous 
condition  affects  only  the  outer  table  of  the  bone,  and, 
according  to  Toldt,  is  caused  not  by  a  pathological  process 
but  by  a  fault  in  development  of  the  bone  whereby  the 
venous  blood  of  the  diploe,  instead  of  being  collected  by  the 


FIG.  13. — Roofs  ot  Orbits  showing  condition  of  cribra  orbitalia.  The  right  orbit 
shows  an  advanced  condition  forming  an  exostosis.  Compare  with  the  slight 
condition  shown  in  Fig.  27  (second  and  third  bones).  New  Zealand  skull. 

xf 

normal  diploic  channels,  passes  into  the  veins  of  the  peri- 
orbita  by  numerous  venules  ;  hence  the  bony  tissue  of  the 
orbital  wall  cannot  develop  as  a  compact  layer  and  becomes 
cribriform.  *[n  rare  cases  a  spongy  swelling  may  be  formed 
which  projects  into  the  orbital  cavity  and  resembles  an 
osteophyte.  Ahrens  (1904)  found  cribra  orbitalia  chiefly 
in  young  adults  and  in  about  25  per  cent  of  86 1  skulls  of  all 
races,  in  17  per  cent  of  Europeans,  but  more  commonly  in 
lower  races.  Koganei  (1913),  in  a  more  detailed  account, 
differentiates  three  types  according  to  the  degree  of  develop- 
ment. He  found  them  present  more  often  in  children  (24-4 
per  cent  of  84  skulls)  than  in  adults  (n  per  cent  of  372 
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skulls),  and  always  on  both  sides.  A  well-marked  type  is 
illustrated  in  Fig.  13,  where  in  the  right  orbit  it  forms 
a  well-marked  osteophyte  ;  less  developed  examples  are 
seen  in  two  of  the  orbital  roofs  in  Fig.  27,  p.  61.  It  may 
be  added  that  the  condition  is  also  found,  though  much 
more  rarely,  in  the  parietal  and  occipital  bones  of  the  skull. 
The  relations  of  the  roof. — Internally,  the  periorbita 
is  thin  and  easily  detachable,  except  along  the  orbital  margin 
and  at  the  fovea  trochlearis,  where  it  binds  the  trochlea  down 
to  the  bone.  It  is  also  firmly  attached  along  the  fronto- 
sphenoidal  suture,  so  that  a  fluid  introduced  between  it  and 
the  bone  will  not  pass  backwards  beyond  this  line  to  reach 
the  optic  nerve  or  enter  the  cranial  cavity.  Closely  applied 
to  the  roof  and  traversing  its  whole  length  is  the  frontal 
nerve,  but  the  supra-orbital  artery  comes  into  relation  with 
its  anterior  half  only.  Beneath  the  nerve  the  levator 
palpebrae  superioris  and  underlying  superior  rectus  muscles 
lie  close  against  the  roof,  with  the  possible  intervention  of 
a  little  fat.  Along  the  medial  margin  lies  the  superior 
oblique  muscle,  separated  posteriorly  by  the  fourth  cranial 
nerve,  and  against  the  anterior  and  lateral  part  is  lodged 
the  lacrimal  gland.  Externally,  the  roof  separates  the 
orbital  cavity  from  the  anterior  cranial  fossa  of  the  skull  in 
which  rests  the  frontal  lobe  of  the  brain,  separated  from  it 
only  by  the  meninges  ;  so  close  is  the  relation  between 
them  that  the  bone  is  moulded  by  the  cerebral  convolutions 
and  fissures,  causing  the  "  digital  impressions '  noted 
above  ;  on  the  other  hand,  this  region  of  the  brain  is  slightly 
hollowed  by  the  domed  roof  of  the  orbit  and  presents  on  its 
surface  the  composite  fissure  termed  the  sulcus  orbitalis 
(Fig.  168,  p.  323).  The  olfactory  tract  crosses  obliquely 
the  extreme  posterior  end  of  the  roof  on  its  medial  side. 
The  air-spaces  which  may  enter  into  relation  with  the  roof 
have  been  described  under  the  architecture. 

(ii.)  The  Lateral  Wall  (outer,  external,  or  temporal 
wall ;  paries  later  alls] . — The  limits  of  this  wall  are  well 
defined,  since  the  posterior  part  is  bounded  by  the  two 
orbital  fissures,  the  superior  dividing  it  from  the  roof,  the 
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inferior  from  the  floor,  and  by  prolonging  their  long  axes 
forwards  to  the  orbital  margin  the  outline  is  completed ; 
the  upper  line  so  taken  ends  on  the  most  prominent  part 
of  the  lateral  angular  process  of  the  frontal  bone,  the  lower 
one  at  the  infero-lateral  angle  of  the  margin.  The  wall  is 
flat,  save  for  a  slight 
concavity  just  behind 
the  margin,  and  tri- 
angular in  shape,  with 
a  free  apex  directed 
superiorly  and  medially 
and  pointing  towards 
the  base  of  the  mastoid 
process  of  the  opposite 
side  of  the  skull  (see 
p.  40).  It  is  formed 
chiefly  by  two  bones, 
the  greater  wing  (ala 
magna)  of  the  sphen- 
oidal  in  its  posterior 
two  -  thirds  and  the 
upper  half  of  the  orbital 
surface  of  the  zygo- 
matic  in  its  anterior 
third,  but  a  small  part 
of  the  frontal  com- 
pletes this  wall  above 
the  zygomatic  area. 
The  features  to  be 
noticed  are — three  sutures,  the  orbital  tubercle,  the  spina 
recti  later alis,  the  openings  of  the  zygomatic  canals  and  the 
meningeal  foramen,  the  architecture  and  relations. 

The  sutures  are  three  in  number,  two  placed  hori- 
zontally and  one  vertically,  and  they  meet  at  a  point  towards 
the  upper  limit  of  the  wall  not  far  from  its  centre,  (i.)  The 
zygomatico-frontal  is  a  finely  denticulated  suture  running 
backwards  from  the  orbital  margin  and  usually  raised  to 
form  a  ridge  which  marks  the  lower  limit  of  the  fossa  for 
the  lacrimal  gland,  as  seen  in  Fig.  10.  Nicola  (1903)  has 
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FIG.  14. — Architecture  of  Lateral  Wall  of  Right 
Orbit.  The  four  numbers  show  areas  which 
differ  in  strength  and  external  relations  (com- 
pare with  the  horizontal  section  of  this  wall 
shown  in  Fig.  15).  Natural  size. 

F.  =  Fossa  for  lacrimal  gland.         M.  =  Meningeal  foramen. 
S.  -Spina.  recti  lateralis. 
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studied  the  variations  of  these  sutures  and  states  that  an 
obliquity  from  above  downwards  and  from  behind  forwards 
of  this  one  in  particular  is  most  often  found  in  lower  races, 
(ii.)  The  fronto-sphenoidal  suture  (anterior  limb)  continues 
the  line  of  the  zygomatico-frontal  suture  backwards  to  the 
anterior  extremity  of  the  superior  orbital  fissure.  It  divides 
the  frontal  bone  from  the  greater  wing  of  the  sphenoidal, 
but  is  usually  obliterated  in  the  adult,  (iii.)  The  spheno- 
zygomatic  suture  runs  up  the  lateral  wall  from  the  anterior 
end  of  the  inferior  orbital  fissure  to  the  point  of  junction  of 
the  above  two  sutures,  meeting  their  line  nearly  at  right 
angles  ;  it  lies  between  the  orbital  plate  of  the  zygomatic 
bone  and  greater  wing  of  the  sphenoidal,  and  is  often  serrated 
and  marked  by  small  isolated  ossicles  analogous  to  the 
wormian  bones  of  the  cranium. 

The  orbital  tubercle  of  the  zygomatic  bone  has  been 
described  above  on  p.  13  with  reference  to  the  lateral 
orbital  margin,  close  to  which  it  is  situated. 

The  spina  recii  later  alls  (Merkel)  is  a  small  spur  frequently 
found  at  or  near  the  apex  of  the  lateral  wall,  and  projecting 
backwards  towards  the  widest  part  of  the  superior  orbital 
fissure  opposite  the  optic  foramen  ;  it  is  slightly  marked  in 
the  above  figure,  but  is  exceptionally  well  developed  in 
Fig.  136,  p.  261.  It  may  be  rounded  or  spinous,  and  affords 
an  attachment  to  the  lateral  rectus  muscle.  Below  and  in 
front  of  this  spine  there  may  occasionally  be  found  a  second 
small  tubercle  or  rugosity  possibly  affording  additional 
origin  to  the  same  muscle.  W.  Krause  (1879)  refers  to  these 
spines  as  spinae  orbitales,  superior  and  inferior,  and 
regards  the  former  as  an  extra  origin  of  the  lateral  rectus 
and  the  latter  as  the  origin  of  the  orbital  muscle  of  Muller. 

The  zygomatie  canals. — On  the  orbital  surface  of  the 
zygomatic  bone  there  is  usually  to  be  seen  the  opening  of  a 
single  canal  (canalis  zygomatico-orbitalis) ,  which  divides  in 
the  substance  of  the  bone  into  two  divergent  branches,  one 
of  which  opens  on  the  facial  aspect  at  the  zygomatico-facial 
foramen,  whilst  the  other  ascends  to  open  into  the  temporal 
fossa  behind  the  frontal  process  at  the  zygomatico-temporal 
foramen.  These  canals  contain  the  zygomatic  or  orbital 
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nerve  with  its  two  terminal  divisions,  accompanied  by 
branches  of  the  infra  -  orbital  artery.  Though  seldom 
absent,  they  are  very  irregular  in  size,  number,  and  course. 
In  one-third  of  800  skulls  Ledouble  found  two  com- 
plete canals,  and  in  rare  cases  three  or  four  have  been 
seen  ;  one  or  more  may  end  blindly  within  the  bone  and 
contain  only  nutrient  vessels ;  there  may  be  a  single  canal 
containing  the  facial  branch  of  the  nerve,  the  temporal 
branch  of  which,  accompanied  by  a  twig  from  the  lacrimal 
artery,  then  runs  up  the  surface  of  the  wall,  sometimes  in  a 
groove  along  the  spheno-zygomatic  suture,  to  reach  the 
temporal  fossa  through  a  foramen  in  its  upper  part  (the 
spheno-zygomatic  foramen,  which  in  the  adult  may  be 
wholly  confined  to  the  zygomatic  bone).  The  lower  edge 
of  the  greater  wing  of  the  sphenoidal  bone  may  also  be 
grooved  by  the  main  stem  of  the  orbital  nerve  before  it 
divides  ;  the  canals  are  formed  in  early  development  by  an 
upgrowth  of  the  zygomatic  bone  round  the  nerves  (Fawcett), 
and  indicate  the  line  of  fusion  between  the  two  chief  ossific 
centres  (Morris). 

The  meningeal  foramen  appears  fairly  constantly 
near  the  anterior  end  of  the  superior  orbital  fissure  in  or 
near  the  anterior  fronto-sphenoidal  suture.  It  transmits 
the  orbital  branch  of  the  middle  meningeal  artery  and  is 
accompanied,  according  to  Testut,  by  a  vein.  Examples 
are  seen  in  Figs.  9,  13,  14. 

The  architecture. — The  lateral  is  the  strongest  of  the 
orbital  walls,  though  it  is  by  no  means  of  uniform  thickness. 
It  is  strong  anteriorly,  where  the  two  processes  of  the  frontal 
and  zygomatic  bones  form  the  orbital  margin  ;  behind  the 
margin  the  anterior  half  of  the  wall  up  to  the  spheno- 
zygomatic  suture  is  fairly  thick,  and  separates  the  orbit 
from  the  temporal  fossa.  Posterior  to  the  suture  the  wall 
is  strengthened  on  its  outer  side  by  its  confluence  with  the 
lateral  wall  of  the  cranium,  and  still  further  back  the  apex 
of  the  wall  consists  of  a  thin  plate  of  bone  which  separates 
the  orbit  from  the  middle  cranial  fossa  of  the  skull.  Thus 
there  are  two  strong  regions  alternating  with  two  weak  ones, 
and  the  lateral  wall  may  be  divided  into  four  areas  (Figs. 
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14,  15).  The  weaker  temporal  and  cranial  areas  are  often 
the  site  of  senile  atrophy,  the  wall  being  then  exceedingly 
thin  in  these  regions. 

The  relations  of  the  Lateral  Wall. — Internally  the  lateral 


FIG.  15.  —  Horizontal  section  through  Orbits  to  illustrate  architecture  and  rela- 
tions of  walls  ;  lower  half  seen  from  above.  The  preparation  shows  the 
parallelism  of  the  medial  walls  and  their  relation  to  the  frontal  sinus  (F. )  in 
front  (the  infundibulum  is  seen  on  the  right  side),  the  ethmoidal  cells  (E. )  in  the 
middle,  and  the  sphenoidal  sinus  (S. )  behind.  Between  the  ethmoidal  cells  the 
cribriform  plate  is  well  displayed. 

The  lateral  walls  show  the  difference  of  thickness  in  the  four  regions:  (i.) 
thick  at  the  orbital  margin,  (ii.)  thin  in  relation  to  the  temporal  fossa,  (iii.)  thick 
at  the  confluence  with  the  lateral  wall  of  the  cranium,  and  (iv. )  thin  in  relation  to 
the  middle  cranial  fossa.  The  lateral  wall  forms  an  angle  with  the  middle  wall 
of  approximately  45°,  and  with  its  fellow  of  the  opposite  side  of  90°  (compare 
with  Figs.  40  and  130). 

The  dotted  line  on  the  right  side  follows  the  curved  course  of  the  maxillary 
nerve  through  the  foramen  rotundum  and  its  continuation  as  the  infra-orbital 
nerve  along  the  infra-orbital  sulcus  of  the  orbital  floor.  Natural  size. 

rectus  muscle  is  in  close  contact  with  this  wall  from  the  spina 
recti  lateralis  posteriorly  to  the  orbital  tubercle  anteriorly, 
where  its  '  check  ligament '  is  attached.  The  lacrimal 
artery  and  nerve  run  along  the  upper  border  of  the  muscle 
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close  to  the  wall.     The  relations  of  the  zygomatic  or  orbital 
nerve  and  its  two  branches  are  indicated  in  the  description 
of  the   zygomatic   canals  :     there  is   an   anastomotic  loop 
between  the  lacrimal  nerve  and  the  zygomatico-temporal 
branch   which    is    closely    applied    to   the   bone    (Fig.   71, 
p.  149).     The  lacrimal  gland  extends  as  low  down  as  the 
fronto-zygomatic  suture  on  the  forepart  of  this  wall,  and  is 
in  close  contact  with  it.     Externally  the  lateral  wall  presents 
different   relations   in   its   anterior   and   posterior   regions. 
The  forepart  of  the  wall  or  temporal  area  separates  the  orbit 
from  the  temporal  fossa,  in  which  lies  the  temporal  muscle 
and  the  middle  temporal  artery  with  its  zygomatico-orbital 
branch.     It  may  be  of  interest  to  note  that  the  orbital 
plate  of  the  zygomatic  bone  which  forms  this  partition  is 
developed  in  higher  primates  only,  and  its  double  relation 
to  the  frontal  and  sphenoidal  bones  is  a  distinctive  character 
of  the  primates  as  opposed-  to  all  other  mammals,  since  in 
the  latter  the  orbit  communicates  openly  with  the  temporal 
fossa  (as  indeed  it  does  in  the  early  human  foetus).     A 
more  important  relation  is  that  of  the  posterior  part  of  the 
wall  behind  the  strong  junction  which  it  forms  with  the 
cranium.     Here  the  orbit  is  separated  from  the  fore  end  of 
the  middle  cranial  fossa  in  which  is  lodged  the  temporal 
lobe  of  the  brain,  the  apex  of  the  wall  lying  against  its 
middle  temporal  gyrus.     These  relations  of  the  lateral  wall 
to  the  soft  parts  are  well  displayed  in   Fig.   130,  p.   252. 
The  distance  of  this  wall  from  the  skin  surface  is  about  15 
mm.  just  behind  the  margin,  and  from  45  to  50  mm.,  or 
nearly  two  inches,  at  its  posterior  free  end,  as  measured  in 
the  preparation  just  referred  to. 

The  superior  orbital  fissure  (sphenoidal  fissure ; 
fissura  orbitalis  superior ;  foramen  lacerum  anterius)  may 
most  fittingly  be  described  here  since  it  separates  the  roof 
and  lateral  walls  in  their  posterior  thirds.  It  is  the  gap 
between  the  greater  and  lesser  wings  of  the  sphenoidal  bone 
and  is  closed  at  its  anterior  extremity  by  the  frontal 
bone.  It  consists  of  two  segments  :  a  narrow  lateral  limb 
lying  between  the  lateral  wall  and  roof  of  the  orbit,  and  a 
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medial  broader  part  lying  between  the  apex  of  the  lateral 
wall  and  the  bridge  of  bone  which  bounds  the  optic  foramen. 
Below  the  lower  extremity  of  the  fissure  is  the  foramen 
rotundum,  a  relation  clearly  seen  on  looking  from  inside  a 
sectioned  skull  but  not  so  obvious  on  looking  into  the  orbit 
from  in  front,  since  at  this  point  the  superior  orbital  fissure 
becomes  confluent  with  the  inferior  and  the  foramen  lies 
deep  to  their  junction.  The  shape  varies  greatly  in  in- 
dividuals, being  dependent  upon  the  formation  of  its 
anterior  boundary.  It  is  said  to  be  longer  in  dolichocephalic 
than  in  brachycephalic  skulls.  It  may  be  asymmetrical 
in  the  two  orbits  and  is  larger  in  the  aged  through  absorp- 
tion of  the  edge  of  the  greater  wing  of  the  sphenoid. 
Gallemaerts  (1897)  summarises  three  types  in  160  skulls 
of  various  races  :  (a)  The  commonest  type,  with  two  seg- 
ments, one  narrow,  the  other  broad,  as  described  above,  and 
as  seen  in  Fig.  14  ;  (b)  a  type  with  both  segments 'broad  ;  and 
(c)  a  triangular -type,  as  in  Fig.  n.  The  lateral  segment  is 
said  to  be  smaller  in  negroes,  and  in  two  skulls  of  this  type 
the  fissure  was  found  reduced  to  a  round  hole,  as  in  the 
gorilla  and  gibbon.  He  finds  the  length  of  the  fissure  to  be 
most  often  15  or  16  mm.  (Panas  and  also  Krause  give  a 
mean  of  22  mm.),  and  that  of  its  lateral  segment  9  or  10 
mm.  ;  the  distance  of  its  fore  end  from  the  orbital  margin 
was  found  by  the  writer  to  vary  from  12  to  18  mm.,  with 
an  average  of  15*5  mm.  in  10  male  skulls,  and  from  12  to 
19  mm.  with  an  average  of  14*3  in  10  female  skulls.  It 
puts  the  orbit  in  communication  with  the  middle  cranial 
fossa,  and  on  looking  at  the  orbit  from  in  front  there  can 
be  seen  through  the  widest  part  of  the  fissure  the  depression 
on  the  apex  of  the  petrous  bone  which  lodges  the  semilunar 
or  Gasserian  ganglion  of  the  fifth  nerve. 

The  following  structures  pass  through  the  superior  orbital 
fissure  : 

(i.)  The  third,  fourth,  and  sixth  cranial  nerves, 
(ii.)  The  ophthalmic  division  of  the  fifth  nerve  in  three 
branches  :   nasal,  frontal,  and  lacrimal. 

(iii.)  The  ophthalmic  vein. 

(iv.)  The  orbital  branch  of 'the  middle  meningeal  artery 
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(when  it  does  not  pass  through  the  meningeal 
foramen). 

(v.)  The  sympathetic  root  of  the  ciliary  ganglion,  and 
some  filaments  from  the  cavernous  plexus  of  the 
sympathetic  system. 

The  central  part  of  the  fissure  is  crossed  by  the  "  annulus 
of  Zinn,"  from  which  arise  the  recti  muscles  of  the  eyeball, 
and  the  position  of  the  above  nerves  relative  to  it  is  shown 
diagrammatically  in  Fig.  135,  p.  260.  The  importance 
of  the  superior  orbital  fissure  is  to  be  emphasised  since, 
with  the  exception  of  the  optic  and  maxillary,  there  pass 
through  it  all  the  nerves  in  the  orbit — nerves  which  control 
the  movements  of  the  eyeball,  the  pupil,  the  accommodation 
of  the  lens,  and  the  levator  palpebrae  superioris  muscle, 
and  nerves  conveying  sensation  from  the  cornea,  iris, 
chorioid,  conjunctiva,  lacrimal  apparatus,  frontal  region, 
upper  eyelid,  and  forepart  of  nose. 

The  inferior  orbital  fissure  (spheno-maxillary  fissure, 
fissura  orbitalis  inferior]  lies  along  the  infero-lateral  angle 
of  the  orbit,  and  separates  the  lateral  wall  from  the  floor 
in  their  posterior  two- thirds.  It  is  bounded  above  by 
the  inferior  margin  of  the  greater  wing  of  the  sphenoid, 
and  below  by  the  lateral  margins  of  the  orbital  surface 
of  the  palatine  bone  behind  and  that  of  the  maxilla 
in  front.  Posteriorly,  the  foramen  rotundum  opens  into 
it,  and  just  above  this  point  it  is  continuous  with  the 
lower  end  of  the  superior  orbital  fissure.  It  is  narrower 
in  the  centre  than  at  the  extremities,  the  constriction  being 
sometimes  emphasised  by  a  tongue-like  process  of  the  floor 
of  the  orbit  hollowed  out  by  an  extension  of  the  maxillary 
sinus  or  a  posterior  ethmoidal  cell  (Fig.  21,  p.  50)  ;  its 
anterior  end  is  the  wider,  and  is  completed  by  the  zygomatic 
bone  in  60  to  65  per  cent  of  cases  (Ledouble),  this  bone  being 
otherwise  excluded  by  the  junction  of  the  sphenoidal  bone 
with  the  maxilla. 

The  fissure  is  about  20  mm.  long,  extending  further 
forwards  than  does  the  superior  fissure,  and  reaching  to 
within  15  to  20  mm.  or  f  inch  of  the  orbital  margin.  It  lies 
on  a  level  with  the  upper  edge  of  the  zygoma,  is  directed 
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forwards  and  outwards  from  the  apex  of  the  orbit,  and  its 
long  axis  is  in  line  with  the  zygomatic  tuberosity  on  the 
cheek  in  one  direction,  the  optic  foramen  in  the  other. 
This  line  corresponds  with  the  long  axis  of  the  optic  canal, 
and  beyond  this  can  be  followed  in  a  sectioned  skull  along 
the  superior  petrosal  groove  of  the  opposite  side  to  a  surface 
point  at  the  centre  of  the  base  of  the  mastoid  process  ;  the 
line  also  indicates  the  inclination  of  the  lateral  wall  of  the 
orbit. 

By  the  inferior  orbital  fissure  communication  is  estab- 
lished with  the  pterygo-palatine  (spheno-maxillary)  fossa 
behind  and  the  infra-temporal  (zygomatic)  fossa  in  front. 
In  life  it  is  closed  by  the  periorbita,  here  containing  the 
involuntary  orbitalis  muscle  (Fig.  26).  Along  its  posterior 
part  pass  the  maxillary  nerve  and  the  infra-orbital  artery 
on  their  way  to  the  infra-orbital  sulcus  on  the  floor  of 
the  orbit  ;  it  also  transmits  the  zygomatic  or  orbital  nerve, 
a  few  twigs  from  the  spheno-palatine  ganglion,  and  vessels 
passing  from  the  inferior  ophthalmic  vein  to  the  pterygoid 
plexus.  According  to  Treves,  after  violent  blows  upon  the 
temple,  blood  may  enter  the  orbit  through  this  fissure  and 
cause  a  sub-conjunctival  ecchymosis  ;  on  the  other  hand, 
the  writer  has  found  a  small  hernia  of  the  orbital  fat  pro- 
truding through  it  into  the  infra-temporal  fossa. 

In  man  and  the  higher  mammals  this  fissure  represents 
the  wide  communication  between  the  orbit  and  the  temporal 
fossa  found  in  lower  vertebrates  ;  it  is  relatively  larger  in 
the  skull  at  birth,  as  seen  in  Fig.  43,  p.  96,  and  also  in  the 
aged  from  absorption  of  its  bony  margins  ;  either  from  this 
cause  or  from  mal-development,  its  anterior  end  may  be 
abnormally  large  and  encroach  upon  the  lateral  wall  of  the 
orbit,  as  in  an  Australian  skull  illustrated  by  Duckworth 
(1904)  ;  in  rare  instances  a  "  spheno-zygomatic  fissure"  may 
thus  be  formed  along  the  line  of  the  corresponding  suture. 

(iii.)  The  Floor  of  the  Orbit  (maxillary  or  inferior  wall, 
paries  inferior) --The  floor  is  limited  on  the  lateral  side 
by  the  inferior  orbital  fissure  with  a  line  prolonged  from  its 
anterior  extremity  to  the  orbital  margin  ;  medially  it  curves 
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smoothly  into  the  medial  wall,  but  may  be  demarkedjrom 
it  by  extending  the  lower  border  of  the  ethmoidal  bone,  a 
line  marked  from  before  backwards  by  the  edge  of  the 
naso-lacrimal  canal,  and  the  sutures  between  the  lacrimal 
and  maxilla,  ethmoidal  and  maxilla,  and  sphenoidal  and 
palatine  bones.  It  is  the  shortest  wall,  extending  only 
two-thirds  of  the  depth  of  the  orbit  ;  the  outline  is  that  of 
an  equilateral  triangle, 
and  the  surface  is  slightly 
concave  anteriorly  and 
convex  posteriorly, 
owing  to  the  upward  ex- 
pansion of  the  maxillary 
sinus.  It  is  formed  in 
greater  part  by  the 
orbital  plate  (fades 
orbitalis)  of  the  maxilla, 
completed  antero  -  later- 
ally by  part  of  the 
orbital  surface  of  the 
zygomatic  and  posteriorly 
by  a  small  triangular  area 
(the  processus  orbitalis)  of 
the  palatine  bone  (Fig. 

Q).     Of  the  SUtUFeS  Which    FlG-  1 6.-- Right  Maxilla  seen  from  above  to  illus- 
trate features  on  floor  of  Orbit.     Natural  size. 

unite  these   bones,   that 

I .  O.  S.  =  Infra-orbital  sulcus. 
between   the    maxilla    and          I-0.  =  Fossa  of  origin  of  inferior  oblique  muscle. 

\.-Incisura  lacnmalis  of  maxilla,  forming  part 
the     Palatine     bone      is  °f  superior  orifice  of  naso-lacrimal  canal. 

F.  P.  =  Frontal  process  of  maxilla,  pointing  up  towards 

usually  obliterated  in  the  one. 

N.  F.  =  Floor  of  nasal  fossa. 

adult  skull,  and  in  con- 
sequence the  palatinal  area  of  the  floor  is  hard  to 
define.  The  suture  between  the  maxilla  and  zygomatic 
bone  appears  both  on  the  orbital  floor  and  on  the 
cheek,  and  is  V-shaped,  with  its  apex  at  the  middle  of 
the  infra-orbital  margin ;  the  orbital  limb  is  inclined 
forwards  and  medially  from  the  fore  end  of  the  inferior 
orbital  fissure,  running  wide  of  the  infra-orbital  sulcus,  to 
cut  the  margin  at  its  mid-point,  where  it  has  already  been 
noticed  (p.  14) ;  the  facial  limb  slopes  from  this  point  in 
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the  opposite  direction,  backwards  and  then  abruptly  down- 
wards to  cut  the  lower  border  of  the  zygomatic  arch  at  the 
fore  end  of  the  infra-temporal  fossa  (Fig.  5,  p.  8).  The 
features  to  be  noted  on  the  floor  are  the  infra-orbital  sulcus 
and  canal,  the  fossa  of  origin  of  the  inferior  oblique  muscle, 
and  the  architecture  and  relations. 

The  infra  -  orbital  sulcus  or  groove  (sulcus  infra- 
orbitalis) is  a  shallow  gutter  running  nearly  the  whole  length 
of  the  floor  from  the  lateral  side  of  its  apex  towards  the  centre 
of  the  margin.  Its  anterior  half  or  two-thirds  is  converted 
into  a  canal  (canalis  infraorbitalis),  the  roofing  over  being 
caused  in  greater  part  by  an  extension  of  its  lateral  wall  in 
the  form  of  a  very  thin  plate  (the  lamina  infraorbitalis  of 
Henle),  as  seen  in  Fig.  17  ;  this  union  of  the  walls  is  marked 
along  the  supero-medial  angle  of  the  roof  of  the  canal  by 
a  fine  line,  the  sutura  canalis  infraorbitalis  longitudinalis, 
which  is  continuous  with  the  sutura  infraorbitalis  verticalis 
of  the  orbital  margin.  Anteriorly  the  canal  sinks  down 
beneath  the  margin,  to  emerge  on  the  face  at  the  infra- 
orbital  foramen.  The  sulcus  and  canal  lie  entirely  in  the 
maxilla,  and  indicate  the  line  of  confluence  between  the 
maxillary  and  malar  centres  of  the  bone  (Morris,  1898). 
The  sulcus  runs  parallel  to  the  mesial  plane  of  the  skull  and 
not  to  the  long  axis  of  the  orbital  floor,  which  latter  has 
an  antero-lateral  inclination,  owing  to  the  development  of 
the  underlying  maxillary  sinus  (Fig.  15).  The  total  length 
of  both  sulcus  and  canal  is  about  20  mm.,  with  an  average 
width  of  4  mm.  and  a  depth  of  1-5  to  2  mm.  From  the  lateral 
aspect  arise  the  superior  alveolar  (dental)  canals,  the  middle 
leaving  the  sulcus  far  back  and  running  to  the  bicuspid 
teeth,  whilst  the  anterior  (usually  double)  leads  out  of  the 
canal  not  far  from  its  facial  opening,  and  is  continued  on 
to  the  canine  and  incisor  teeth  (p.  16). 

The  contents  are  the  infra-orbital  nerve,  the  infra-orbital 
artery,  and  rarely  (Stanculeanu,  1902)  a  vein.  Czermak 
(1895),  in  an  atlas  of  sections  through  the  frozen  orbit, 
figures  the  artery  lateral  to  the  nerve  and  the  vein  medial 
to  it,  but  in  a  few  cases  examined  by  the  writer  the  artery 
lay  above  and  medial  to  the  nerve,  and  no  vein  was  found. 
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The  sulcus  and  canal  are  lined,  and  the  former  with  its 
contents  is  also  covered,  by  the  periorbita  ;  the  infra-orbital 
nerve  therefore  does  not  lie  freely  within  the  periorbital 
boundary,  as  does  the  supra-orbital  nerve. 

The  variations  are  explained  by  reference  to  the  mode  of 
development.  In  the  embryo  the  infra-orbital  nerve  lies 
at  first  above  the  orbital  surface  of  the  maxilla,  and  passes 
freely  over  the  orbital  margin  ;  it  comes  in  contact  with 
them  towards  the  end  of  the  second  month,  forming  a  groove 
on  the  bone,  the  walls  of  which  finally  close  over  it  anteriorly 
to  form  the  canal  (Fawcett,  1911).  The  sutura  infra- 
orbitalis,  with  its  longitudinal  (orbital)  and  vertical  (marginal) 
portions,  marks  the  line  of  junction  of  this  overlap.  Later 
on  the  nerve  cannot  accommodate  itself  quickly  enough  to 
the  more  rapidly  growing  underlying  maxillary  sinus,  and 
sinks  into  its  roof  ;  the  groove  is  curved  laterally  by  this 
expansion,  instead  of  lying  in  a  straight  line  between  the 
foramen  rotundum  and  infra-orbital  foramen  as  in  the  skull 
at  birth.  In  rare  cases  the  anterior  part  of  the  sulcus  is 
not  ultimately  transformed  into  a  canal,  but  persists  as  an 
open  groove  passing  over  the. infra-orbital  margin  on  to  the 
face,  as  seen  in  three  adult  skulls  by  von  Langer  (Merkel)  ; 
on  the  other  hand,  the  degree  of  ossification  of  the  peri- 
orbital  roof  of  the  sulcus  determines  the  length  of  the  canal, 
which  may  occasionally  be  found  to  extend  backwards  the 
whole  length  of  the  floor  of  the  orbit.  An  early  or  intra- 
orbital  division  of  the  nerve  into  its  terminal  branches 
accounts  for  the  presence  of  branching  or  supernumerary 
infra-orbital  canals  ;  a  medial  canal  containing  the  nasal 
and  palpebral  branches  was  found  in  eighteen,  and  a 
lateral  one  containing  the  labial  division  of  the  nerve  in 
twelve  out  of  2700  skulls  by  Ledouble  ;  other  variations 
in  number  will  be  found  in  conformity  with  those  of  the 
infra-orbital  foramen  (p.  15)  ;  finally,  Ledouble  has  seen 
the  canal  duplicated  in  its  whole  extent  like  a  double- 
barrelled  gun,  an  anomaly  caused  by  ossification  of  the 
fibrous  tissue  which  separates  the  nerve  from  the  artery. 

The  fossa  of  origin  of  the  inferior  oblique  muscle 
may  occasionally  be  seen,  but  is  usually  better  felt.  It  is  a 
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very  shallow  depression,  situated  in  the  extreme  antero- 
medial  angle  of  the  floor  just  behind  the  margin  and  lateral 
to  the  orifice  of  the  naso-lacrimal  canal  (see  also  p.  284). 
This  orifice  is  sometimes  described  as  a  feature  of  the  floor 
of  the  orbit,  but  will  be  dealt  with  under  a  later  section  in 
conjunction  with  the  osseous  lacrimal  passages  (pp.  70,  74). 
Its  lateral  margin,  formed  by  the  incisura  lacrimalis  of  the 
maxilla,  notches  the  antero-medial  angle  of  the  floor,  and 
is  seen  in  Fig.  16  above. 

The  architecture. — The  floor  is  always  composed  of 
a  thin  (J  to  i  mm.)  plate  of  bone,  though  it  is  stronger  just 
behind  the  margin.  Its  thinnest  part  is  along  the  floor  of 
the  infra-orbital  sulcus  and  canal,  and  here  dehiscences 
may  occur,  whereby  the  contents  are  only  separated  from 
the  mucous  membrane  lining  of  the  maxillary  sinus  by  the 
periorbita  ;  gaps  are  also  to  be  seen  in  rare  cases  along  the 
medial  margin  of  the  orbital  floor  between  the  maxilla  and 
the  ethmoidal  bone.  The  zygomatic  portion  of  the  floor 
sometimes  contains  small  air-cells  or  a  cavity  (sinus  zygo- 
maticus),  which  may  or  may  not  communicate  with  the 
maxillary  sinus  (Ledouble) .  A  small  vein  has  been  noted  by 
Gaillard  to  pass  through  the  floor  from  the  maxillary  sinus 
to  the  orbital  venous  system  (not  found  by  Stanculeanu). 

The  relations  of  the  floor  :  internally,  the  periorbita 
both  lines  and  roofs  over  the  infra-orbital  sulcus,  so  en- 
closing the  infra-orbital  nerve  and  artery  ;  on  the  lateral 
side  the  orbitalis  muscle  is  incorporated  with  it  (Fig.  37, 
p.  82).  The  inferior  oblique  muscle  arises  from  and  lies 
across  the  floor  anteriorly  ;  the  inferior  rectus  muscle  is  in 
close  contact  with  it  behind  at  the  apex,  but  is  separated 
from  it  in  front  by  the  inferior  oblique  muscle  and  a  mass 
of  orbital  fat.  Externally,  that  is  inferiorly,  the  floor  is 
related  in  nearly  the  whole  of  its  extent  to  the  maxillary 
sinus,  as  seen  in  the  next  figure  and  also  in  Fig.  18  ;  behind, 
at  the  apex,  the  orbital  process  of  the  palatine  bone  may  be 
hollowed  out  by  an  air-cell,  as  is  well  shown  in  Fig.  18. 
Abnormal  posterior  ethmoidal  cells  in  rare  instances  under- 
mine the  maxillary  part  of  the  floor  along  its  postero- 
medial  border. 
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Kt(;.  17. — Frontal  Section  of  Left  Half  of  Skull  just  behind  Orbital  Margin  and 
passing  through  largest  part  of  cavity  (greatest  orbital  height  =  37- 5  mm.)  ;   seen 
from  in  front.     Natural  size.     The  frontal  section  removed  is  seen  in  Fig.  5. 
The  floor  of  the  orbit  is  deeply  grooved  by  the  infra-orbital  sulcus. 


A.C.  F.  =  Anterior  cranial  fossa. 
F.S.  =  Frontal  sinus. 
E.  =  Ethmoidal  air-cells. 


N.  =  Nasal  cavity. 
M. A.  =  Maxillary    sinus    (showing 
the  ostiut/i  iiiaxillare). 
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(iv.)  The  Medial  Wall  (inner,  nasal,  or  ethmoidal 
wall ;  paries  medialis) . — This  is  the  smallest  of  the  orbital 
boundaries.  Its  limits  lie  broadly  between  lines  parallel 
with  the  upper  and  lower  borders  of  the  ethmoidal  bone. 
It  is  marked  off  from  the  roof  by  the  fronto-ethmoidal 


FIG.  1 8. — Sagittal  section  through  Right  Orbit  to  display  the  Medial  Wall. 

Natural  size. 

S.  =  Sphenoidal  bone,  and  is  placed  just  in  front  of  the  optic  foramen. 

E.  =  Ethmoidal  bone  ;  L.  =  Lacrimal  bone  ;  M.  =  Frontal  process  of  maxilla.     Between  L.  and 

M.  is  the  fossa  for  the  lacrimal  sac,  bounded  behind  by  the  sharp  posterior  lacrimal  crest, 

in  front  by  the  blunt  anterior  lacrimal  crest. 
N.  =  Nasal  bone  ;  F.  =  Frontal  bone. 

A.  =  Maxillary  antrum  opened  into,  and  at  its  postero-superior  angle  the  palatinal  air-cell  is  seen. 
C.  =The  position  of  the  cavernous  sinus  at  the  side  of  the  body  of  the  sphenoidal  bone  ;  above 

it  lies  the  sella  turcica, ;  the  lower  limb  of  the  letter  C  is  pointing  towards  thz/oramen 

rotundum,  through  which  the  section  passes. 

suture  prolonged  forwards  towards  the  point  nasion  at  the 
root  of  the  nose,  and  from  the  floor  by  the  line  of  sutures 
already  referred  to  ;  anteriorly  it  is  bounded  by  the  posterior 
lacrimal  crest  of  the  lacrimal  bone.  The  surface  is  convex 
about  the  centre,  and  concave  in  front  in  harmony  with  the 
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contour  of  the  eyeball,  though  these  curves  are  but  slightly 
marked  ;  it  lies  almost  parallel  to  the  mesial  plane  and  to 
its  fellow  of  the  opposite  side,  as  shown  in  Fig.  15,  but  curves 
into  the  floor  below.  It  is  formed  by  four  bones,  which 
are  from  before  backwards  :  (i)  the  lower  part  of  the  medial 
angular  process  of  the  frontal  lying  above  (2)  the  lacrimal 
bone,  (3)  the  orbital  plate  (lamina  papyracea  or  os  planum) 
of  the  ethmoidal,  and  (4)  a  small  part  of  the  lateral  aspect 
of  the  body  of  the  sphenoidal  bone.  The  individual  bones 
take  part  in  the  formation  of  this  wall  to  a  variable  degree, 
but  the  largest  and  most  important  is  the  lamina  papyracea 
of  the  ethmoidal ;  it  is  oblong  in  shape,  and  articulates 
with  the  sphenoidal  bone  behind  by  the  spheno-ethmoidal 
suture  and  with  the  lacrimal  in  front  by  the  ethmo-lacrimal 
suture.  These  sutures  are  both  vertically  placed,  but,  like 
the  bones,  they  are  subject  to  much  variation.  Posteriorly 
the  palatine  bone  commonly  extends  upwards  on  to  this 
wall ;  sometimes  a  descending  process  from  the  frontal 
meets  it  and  completely  separates  the  ethmoidal  from  the 
sphenoidal  bone.  In  this  region  also  a  part  of  the  sphenoidal 
turbinated  bone  has  been  seen.  Anteriorly  the  ethmoidal 
surface  may  be  separated  from  the  lacrimal  by  prolongations 
of  the  frontal  and  maxilla,  an  "orbito-maxillo-f rental  suture  " 
being  formed  by  their  union  (A.  Thomson,  1890).  Small 
ethmo-lacrimal  ossicles  may  occupy  the  upper  or  lower 
ends  of  the  ethmo-lacrimal  suture  (Macalister,  1884).  The 
lamina  papyracea  may  be  subdivided  into  two  or  more 
pieces  by  additional  vertically  placed  sutures,  a  condition 
found  by  Bianchi  (quoted  by  Ledouble)  to  occur  more 
frequently  in  the  skulls  of  imbeciles.  Poirier  (1912)  figures 
the  very  rare  "  orbital  Wormian  bone  "  behind  the  ethmoidal 
and  between  the  palatine  and  sphenoidal  bones.  It  may 
be  noted  that  in  mammals  below  the  primates  the  ethmoidal 
bone  does  not  enter  into  the  formation  of  the  orbit,  its  place 
being  taken  by  the  frontal. 

The  lateral  or  orbital  surface  of  the  lacrimal  bone  is 
divided  into  two  parts  by  a  vertical  ridge,  the  posterior 
lacrimal  crest  (crista  lacrimalis  posterior)  ;  the  bone  behind 
the  crest  is  flat  and  forms  the  forepart  of  the  orbital  wall, 
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the  area  in  front  is  excavated  by  a  gutter,  the  sulcus  lacri- 
malis,  which  joins  a  similar  groove  on  the  frontal  process 
of  the  maxilla  to  form  the  fossa  for  the  lacrimal  sac.  The 
lower  end  of  the  posterior  lacrimal  crest  usually  terminates 
in  a  forwardly  directed  and  hook-like  process,  the  hamulus 
lacrimalis.  This,  process  articulates  with  the  lacrimal 
notch  of  the  maxilla,  and  defines  the  opening  of  the  naso- 

lacrimal  canal. 

Much  variation  is  found 
in  this  hamular  process : 
it  is  more  often  present  in 
males  than  in  females,  and 
may  either  form  a  short 
spur,  as  in  most  cases,  or 
reach  the  lacrimal  tubercle 
of  the  anterior  crest,  or 
even  extend  on  "  to  the 
facial  aspect  of  the  maxilla 
as  the  pars  facialis  (Gegen- 
baur,  1881),  a  condition 
which  exists  in  lower 

FIG    19.  -Well-developed  Lacrimal  Bone  with  mammals      an(J       primateS 
a  large  hamular  process  extending  for- 
wards on  to  the  orbital  margin  as  the  pars  generally,    and    WaS    f  OUnd 
facialis.     The   naso-lacrimal  canal  in  this  -               *               cent       f    IOOQ 
specimen  is  of   large  calibre  (7  mm.  x  5-5  Y    *• 
mm.).    Peruvian  Indian  skull.  '   x  f     Com-  humanskullsbyMacalister, 

pare  with  Fig.  2O.  '  In  r^Q  instances  it  forms 

a  separate  ossicle  (the  "  os  hamulus  '  or  lesser  lacrimal 
bone),  as  found  in  i|  per  cent  of  subjects  by  Macalister  and 
Thomson,  or  it  may  be  separated  from  the  adjacent  floor 
of  the  orbit  by  an  ossicle  (the  ossiculum  canalis  naso-lacrimalis 
of  Grliber,  1877).  When  the  hamulus  is  well  developed, 
the  level  of  the  upper  opening  of  the  naso-lacrimal  canal  is 
raised  accordingly.  It  may  be  notched  or  pierced  by  a 
branch  of  infra-orbital  artery  on  its  passage  to  the  lacrimal 
sac,  as  seen  in  the  above  figure. 

Numerous  variations  are  to  be  found  in  the  lacrimal  bone, 
which  is  evidently  undergoing  retrogressive  changes  in  man. 
Either  half  in  front  or  behind  its  crest  may  be  undeveloped, 
the  deficiency  being  made  up  in  the  one  case  by  the  frontal 
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process  of  the  maxilla,  as  seen  in  Fig.  20,  and  in  the  other 
by  an  extension  of  the  lamina  papyracea,  though  this  con- 
dition is  probably  due  to  an  early  union  of  the  bones,  such 
fusion  with  adjacent  bones  being  often  found,  especially 
with  the  frontal  process  of  the  maxilla.  It  may  be  absent 
altogether  (1-2  per  cent  of  2021  skulls  of  all  races— Ledouble) . 
On  the  other  hand,  as  just  noted,  it  may  develop  a  hamular 
process,  extending  forwards  on  to  the  orbital  margin. 


"IG.  20.  — Absence  of  Lacrimal  Bone,  the  whole  fossa  for  the  lacrimal  sac  being 
formed  by  the  maxilla.  The  outline  of  the  orbit  is  dotted  in.  The  lateral 
margin  presents  a  well-developed  processus  marginalis  on  its  temporal  border. 
x£. 

Occasionally  the  bone  is  bipartite,  indicating  an  accessory 
centre  of  ossification,  and  finally  "  peri-lacrimal  ossicles ' 
sometimes  occur  in  relation  with  it  behind,  in  front,  and 
below,  as  many  as  twelve  varieties  having  been  described 
by  Flecker  (1913),  though  only  one  of  them,  representing 
a  separated  hamulus,  appears  to  be  derived  from  the  lacrimal 
bone  itself. 

The  lacrimal  is  the  most  fragile  of  aU  the  bones,  and  is 
usually  perforate  owing  to  incomplete  ossification  or  to 
absorption  in  old  age ;  it  is  fenestrated  in  the  foetus 

E 


THE  HUMAN  ORBIT 


OSTEOLOGY 


(Macalister,  1884),  and  Merkel  considers  a  complete  bone  to 
be  an  anatomical  curiosity.  Its  strongest  part  is  along  the 
line  of  the  posterior  lacrimal  crest. 

The  features  of  this  wall  to  be  noticed  are  the 
ethmoidal  foramina,  the  architecture,  and  relations.  It 
will  be  convenient  to  describe  later  in  a  separate  section 


FIG.  21. — Right  Orbit  to  show  features  of  Medial  Wall.  The  specimen  also 
illustrates  a  doubled  optic  foramen,  a  spina  trochlearis ,  the  tubercle  of  attachment 
of  the  pars  lacrimalis  (Horner's)  muscle  at  upper  end  of  posterior  lacrimal  crest, 
and  the  projection  of  orbital  floor  over  posterior  extremity  of  inferior  orbital 
fissure.  Double  zygomatico-facial  foramina  are  also  present,  and  the  curved 
edge  of  the  infra-orbital  foramen  is  well  marked.  Natural  size. 

the  fossa  for  the  lacrimal  sac  (p.  64),  which  is  sometimes 
considered  as  a  feature  of  this  wall. 

The  ethmoidal  foramina  (internal  orbital  foramina, 
foramen  ethmoidale  anterius  vel  posterius). — These  smal 
oval  orifices  lie  in  the  angle  between  the  roof  and  the  media) 
wall  of  the  orbit,  along  the  line  of  the  fronto-ethmoidal 
suture.  They  are  two  in  number,  distinguished  as  anterioi 
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and  posterior,  and  lead  into  corresponding  canals,  which 
are  formed  above  and  in  greater  part  by  the  frontal  bone 
(and  so  would  more  appropriately  be  termed  fronto- 
ethmoidal  canals),  as  seen  in  Fig.  27.  They  are  directed 
anteriorly  and  medially,  and  open  into  the  middle  cranial 
fossa  just  above  and  at  the  sides  of  the  lamina  cribrosa  of 
the  ethmoidal  bone  ;  in  rare  instances  the  posterior  foramen 
is  duplicated,  or  there  may  be  a  third  foramen  intermediate 
in  position,  and  even  four  have  been  noted. 

The  anterior  ethmoidal  canal  is  the  larger  of  the  two, 
and  slopes  more  forward.  Its  orifice  lies  20  mm.  from  the 
orbital  margin  and  30  mm.  behind  the  point  nasion  (on  an 
average  of  twenty  skulls  measured  by  the  writer).  It 
contains  the  naso-ciliary  nerve  (here  called  the  anterior 
ethmoidal)  and  the  anterior  ethmoidal  artery. 

The  posterior  ethmoidal  canal  is  usually  placed  from 
10  to  15  mm.  behind  the  anterior  one,  sometimes  at  a  slightly 
lower  level  and  in  the  spheno-ethmoidal  suture.  Through  it 
pass  the  posterior  ethmoidal  artery,  and  occasionally  a  nerve 
filament  (the  nervus  spheno-ethmoidalis  of  Luschka)  derived 
from  the  naso-ciliary  nerve.  Both  canals  are  lined  by  the 
periorbita,  and  in  addition  possibly  transmit  lymphatic  vessels. 

The  architecture.-  -The  medial  wall,  save  for  the  small 
comparatively  thick  sphenoidal  area,  is  the  thinnest  of  the 
orbital  boundaries  ;  the  orbital  plate  of  the  ethmoidal  bone 
(os  planum)  is  of  such  paper-like  delicacy  (as  is  well  seen  in 
Fig.  15)  that  it  is  termed  the  lamina  papyracea,  but  in  spite 
of  its  thinness  (0-2  to  0-4  mm.),  which  may  allow  of  the 
outlines  of  the  divisions  between  the  underlying  air-cells  to 
be  seen  through  it,  the  bone  is  tough,  and  is  very  rarely  the 
site  of  senile  atrophy.  Congenital  dehiscences,  however, 
along  the  ethmo-maxillary  suture,  or  at  the  site  of  the  orbital 
\Yormian  bone,  have  been  noticed  by  several  authors ; 
Zuckerkandl  found  fifteen  cases  and  Onodi  (1913)  saw 
eighteen,  three  of  which  communicated  with  the  frontal 
sinuses  as  well  as  with  the  ethmoidal  cells. 

With  regard  to  the  dehiscences  found  in  various  parts 
of  the  orbital  walls,  it  may  be  noted  that  when  due  to 
absorption  or  atrophy  of  the  bone  in  old  age  they  are 
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usually  situated  in  the  middle  of  a  bony  plate,  and  the  edges 
are  irregular,  whereas  when  due  to  lack  of  development 
they  lie  between  the  sutures,  and  the  margin  is  smooth 
and  regular  in  outline.  Congenital  dehiscences  are  found 
specially  in  those  parts  of  the  orbital  walls  which  are 
developed  by  ossification  of  the  primitive  cartilaginous 
nasal  capsule,  namely,  the  lamina  papyracea  and  the  orbital 
wall  of  the  maxilla  (Bull).  Dehiscences  of  a  third  kind 
are  pathological,  and  may  also  be  seen  on  the  medial  wall, 
where  they  are  caused  by  extension  of  disease  from  the 
ethmoidal  cells.  An  instance  is  seen  in  Fig.  118,  p.  228. 

t  The  relations  of  the  medial  wall.  -  Internally,  the 
lining  periorbita  is  continuous  through  the  ethmoidal 
canals  with  the  dura  mater  of  the  anterior  cranial  fossa. 
The  medial  rectus  muscle  is  in  close  contact  with  the 
greater  part  of  this  wall,  and  just  behind  the  posterior 
lacrimal  crest  is  the  attachment  of  its  "  check  ligament," 
and  also  of  the  pars  lacrimalis  (Homer's  muscle)  of  the 
orbicularis  oculi  muscle  ;  against  the  anterior  half  of  the 
upper  part  of  the  wall  and  lying  in  the  interval  between  the 
adjacent  borders  of  the  medial  rectus  and  superior  oblique 
muscles  are  the  naso-ciliary  nerve  and  ophthalmic  artery. 
Externally,  the  medial  wall  is  the  most  important  from  a 
practical  point  of  view,  owing  to  the  fact  that  it  is  related 
in  its  whole  extent  to  the  accessory  air-sinuses  of  the  nose, 
from  which  disease  may  invade  the  orbit ;  posteriorly  a 
small  area  is  in  contact  with  the  sphenoidal  sinus,  but  in 
the  rest  of  its  extent  this  wall  is  in  direct  relation  to  the 
ethmoidal  cells,  which  underlie  not  only  the  lamina  papy- 
racea but  the  lacrimal  bone  as  well,  and  may  even  encroach 
backwards  upon  the  sphenoidal  region.  By  these  air- 
cells  the  orbital  cavity  is  separated  on  its  medial  aspect 
from  the  nasal  cavity.  These  relations  are  well  displayed 
in  Figs.  3,  15,  17,  29,  37,  and  especially  130,  p.  252. 

It  is  fitting  at  this  point  to  review  the  accessory  sinuses 
of  the  nose  as  a  whole  before  describing  the  lacrimal  fossa 
and  naso-lacrimal  duct,  to  which,  in  common  with  the 
orbital  walls,  they  present  such  important  relations. 
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4.  THE  ACCESSORY  AIR-SINUSES  OF  THE  NOSE 
IN  THEIR  RELATION  TO  THE  ORBIT 

From  the  above  account  of  the  relation  of  the  walls,  the 
orbit  is  seen  to  be  surrounded  by  air-sinuses  (sinus  parana- 
sales)  on  three  sides,  the  lateral  wall  alone  being  exempt.  The 
roof  in  its  medial  and  anterior  region  is  usually  related 
to  the  frontal  sinus.  The  floor  is  always  undermined  by  the 
maxillary  sinus,  behind  which  there  may  be  present  the  small 
palatinal  air-cell.  The  medial  wall  is  generally  related  to 
the  sphenoidal  sinus  and  'always  to  the  ethmoidal  cells, 
which  latter  may  extend  over  the  roof,  or  beneath  the 
medial  edge  of  the  floor,  or  replace  the  sphenoidal  sinus  in 
position. 

The  massing  of  these  air-sinuses  round  the  orbit  is  illus- 
trated in  the  above-enumerated  figures,  and  also  in  Fig.  184, 
p.  364.  They  may  be  divided  into  two  groups  :  an 
anterior,  comprising  the  maxillary  and  frontal  sinuses 
together  with  the  bulk  of  the  ethmoidal  cells,  and  related 
to  the  fore  part  of  the  orbit  wherein  is  lodged  the  globe  of 
the  eye,  and  a  posterior  group,  consisting  of  the  posterior 
ethmoidal,  the  palatinal  cell,  and  the  sphenoidal  sinus, 
which  are  related  more  closely  to  the  optic  nerve.  The 
openings  of  these  sinuses  into  the  nasal  cavity  are  arranged 
around  the  middle  concha,  those  of  the  anterior  group  lying 
below  its  line  of  origin,  those  of  the  posterior  group  above 
it  (Logan  Turner,  1908)  ;  on  the  orbital  aspect  the  two 
groups  may  approximately  be  demarked  by  a  line  running 
downwards  and  backwards  from  the  anterior  ethmoidal 
foramen  to  the  floor  of  the  orbit  (Ranglaret,  1896).  All 
have  in  their  venous  system  branches  which  pass  into  the 
orbit,  and  thence  through  the  ophthalmic  veins  to  the 
cavernous  blood  sinus ;  some  of  their  lymph  channels 
possibly  take  the  same  course,  but  this  is  not  certain. 

These  air-spaces  are  all  derived  as  outgrowths  of  the 
primitive  nasal  cavities  ;  they  appear  in  early  childhood, 
increase  most  actively  in  size  at  puberty,  and  continue  to 
grow  until  about  the  age  of  thirty,  with  a  slight  increase  in 
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old  age  through  atrophy  of  their  bony  walls.  They  retain 
communication  with  the  nasal  cavity  and  are  lined  by  a 
direct  continuation  of  its  mucous  membrane,  here  blended 
so  closely  with  the  periosteum  as  to  form  a  "  muco-peri- 
osteum,"  a  fact  which  explains  how  readily  disease  can 


FIG.  22. — The  Accessory  Air  Sinuses  of  the  Nose.  Prepared  by  removing  the 
bones  piecemeal  from  around  the  muco-periosteal  lining  of  the  air  spaces  after 
hardening  in  formalin.  (Preparation  by  Dr.  E.  J.  Curran  of  Harvard.)  x  f. 

The  anterior  ethmoidal  cell  in  relation  to  the  upper  part  of  the  lacri'mal  sac 
(L. )  has  been  blackened. 


F.  — Frontal  sinus. 
L.  =  Lacrimal  sac. 


F.B.  =  Frontal  bone. 
M  —  Maxillary  sinus. 
E.  =  Ethmoidal  cells. 


N.  =  Nasal  mucous  membrane. 
S.  =  Sphenoidal  sinus 


spread  into  them  from  the  nose.  Their  collective  capacity 
is  more  than  twice  that  of  the  nasal  cavity  (Braune),  and  a 
good  idea  of  their  extent  can  be  obtained  from  such  a  dis- 
section as  has  been  photographed  in  Fig.  22.  The  method, 
for  which  the  writer  is  indebted  to  Dr.  E.  J.  Curran  oJ 
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Harvard  University,  consists  in  removing  the  bones  piece- 
meal with  chisel  and  forceps  from  around  and  between  the 
sinuses  after  soaking  the  specimen  for  two  weeks  in  strong 
formalin  solution  ;  the  lining  muco-periosteum  is  left  intact 
and  will  be  found  sufficiently  hardened  to  retain  the  shape 
of  the  cells.  Their  form  can  also  be  well  shown  either  by 
wax  models  (Jackson  and 
Connor,  1917)  or  by  metal 
casts  (Fig.  23). 

The  complex  arrange- 
ment and  variable  extent 
of  these  sinuses,  together 
with  the  irregular  model- 
ling of  the  lateral  nasal 
wall  to  which  they  are 
related,  will  be  understood 
better  by  a  consideration 
of  their  mode  of  growth, 
before  proceeding  to  a 
brief  description  of  the 
adult  formation. 

Development  of  the 
air  -  sinuses.  -  -Before 
cartilage  has  been  formed 
in  the  walls  of  the  primi- 

tive   Tia^pl  ravitiPQ    linear    FlG<   23-—  Fusible  metal  cast  of  the  Acces- 

S>  J  sory  Sinuses  of  the   Nose  (made  by  Sir 

Outgrowths    of    the   lining  Auckland  Geddes,  in  the  McGill  Anatomical 

epithelium  (which  is  ecto- 

.     . 

dermal  in  Origin)  OCCUr  in 

1 

the  side  and  roof  of  each. 

These  gutters  are  the  future  meatuses  of  the  nose,  and 
the  ridges  left  between  them  eventually  form  the  three 
conchae  or  turbinated  processes,  superior,  middle,  and 
inferior  :  three  is  the  number  usually  described,  though 
Zuckerkandl  (1892)  found  four  such  processes  in  87  per 
cent  of  267  skulls,  a  number  which  agrees  with  the  descrip- 
tion given  by  Sappey  (1867),  the  additional  process  being 
found  above,  or  below  and  hidden  by,  the  one  usually 
designated  superior.  The  superior  concha  is  the  shortest, 


F.  =  P  rontal  sinus.  S.  =  bphenoidal  smus. 

E.  =  Bthmoidalcells.  M.  =  Maxillaryantrum. 

N.  -  Nasal  mucous  membrane. 
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the  middle  is  nearly  twice  its  length,  and  the  inferior  extends 
still  further  forwards  ;  the  first  two  are  processes  of  the 
ethmoidal,  the  last  is  formed  by  a  separate  inferior  turbin- 
ated  bone  (concha  nasalis  inferior).  Above  the  superior 
concha  is  a  narrow  space,  the  "  spheno-ethmoidal  recess." 
In  front  of  the  attached  margin  of  the  middle  concha  there 


FIG.  24. — Sagittal  section  of  Head  of  Adult  Female.  Left  half  viewed  from  within  to 
show  the  left  lateral  nasal  wall.  See  Fig.  25  for  guide  to  parts.  The  relative 
positions  of  the  fossa  for  the  lacrimal  sac  and  the  naso-lacrimal  canal  are  in- 
dicated by  the  white  line.  x  about  f . 

is  often  a  prominence  on  the  frontal  process  of  the  maxilla, 
the  agger  nasi  ;  this  prominence  (named  from  the  Latin 
agger,  a  mound  or  rampart)  forms  the  upper  boundary  of  a 
shallow  depression,  the  atrium,  which  is  an  anterior  con- 
tinuation of  the  middle  meatus,  and  lies  above  the  ' '  vesti- 
bule '  or  cartilaginous  dilatation  at  the  entrance  of  the 
nose  (Fig.  25).  On  the  lateral  wall  of  the  middle  meatus 
a  secondary  linear  depression  develops,  forming  in  the  adult 
a  curved  gutter,  the  hiatus  semilunaris,  which  is  bounded 
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below  by  a  sharp  crest,  iheprocessus  uncinatus,  and  overhung 
by  a  prominence,  the  bulla  ethmoidalis  ;  it  leads  into  a 
curved  and  upwardly  directed  channel,  the  infundibulum 
ethmoidale.  These  features  on  the  meatal  wall  are  hidden 


FIG.  25. — The  same  preparation  as  in  Fig.  24.  The  middle  concha  has  been  pulled 
upwards  to  expose  the  middle  meatus.  The  position  of  the  fossa  for  the  lacrirnal 
sac  relative  to  this  wall  was  ascertained  by  driving  pins  through  from  the  opposite 
side  and  is  outlined  in  black.  Rods  have  been  passed  through  the  opening  of 
the  sphenoidal  sinus  and  down  the  infundibulum  of  the  frontal  sinus  ;  the  latter 
leads  into  the  hiatus  semilunaris,  which  is  bounded  above  by  the  rounded  bulla 
ethmoidalis  and  below  by  the  processus  uncinatus  ;  the  ostium  maxillare  of  the 
antrum  is  also  seen.  x  about  f . 

Compare  with  the  deeper  stage  of   a    similar  dissection  seen  in   Fig.    122, 
P-  233. 

•.  P.  =  Hypophysis  or  pituitary  body  lying  in  the  selln  turcica.  S.  =  Sphenoidal  sinus.  F.  C.  —  Falx 
cerebri.  F.  =  Frontal  sinus.  C2,  3  =  The  middle  and  inferior  concha,  a.n.  —Agger  nasi,  here  little 
developed,  a.t.  =  Atrium,  and  V.  =  Vestibule,  of  the  nose.  E.  =Orifice  of  auditory  or  Eusta- 
chian  tube. 

by  the  overhanging  middle  concha,  but  are  well  displayed 
in  Fig.  25. 

The  nasal  mucousjmembrane  continues  to  grow  outwards 
in  various  directions,  and  its  projections  develop  into 
the  accessory  sinuses  of  the  nose.  Thus  the  frontal  sinus 
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is  formed  at  the  upper  end  of  the  infundibulum  by  a 
bud  of  mucous  membrane  which  grows  upwards  through 
the  ethmoid,  and  pushes  its  way  between  the  outer  and 
inner  lamellae  of  the  frontal  bone  to  a  very  variable  extent. 
This  outgrowth  appears  in  the  first  or  second  year  of  life, 
but  is  nascent  until  the  fifth  or  sixth  ;  at  the  end  of  the 
seventh  it  is  about  the  size  of  a  pea,  and  reaches  its  full 
development  at  twenty-five  years.  The  stalk  of  this  out- 
growth forms  the  "  fronto-nasal  duct,"  and  either  retains  its 
original  continuity  with  the  infundibulum  or,  as  in  half  the 
number  of  cases,  opens  independently  into  the  middle 
meatus,  the  infundibulum  then  ending  blindly  above,  owing 
to  the  anterior  end  of  the  uncinate  process  fusing  with 
the  forepart  of  the  bulla.  The  ethmoidal  cells  bud 
out  into  the  nasal  wall  above  and  below  the  middle 
concha,  and  are  present  at  birth  as  little  culs-de-sac. 
They  multiply  until  each  lateral  mass  of  the  bone  is 
composed  of  a  number  of  cells  (8-10),  the  "  ethmoidal 
labyrinth,"  an  increase  in  growth  which  causes  the  greater 
width  between  the  eyes  in  the  adult.  The  bulla  ethmoidalis 
is  inflated  by  one  or  more  such  cells,  and  the  term,  derived 
from  the  Latin  bulla,  a  bubble,  well  expresses  the  formation 
of  these  cellular  outgrowths.  The  sphenoidal  sinus  is 
primarily  formed  by  a  similar  budding  from  the  region  of 
the  spheno-ethmoidal  recess  into  the  body  of  the  bone ; 
present  as  a  round  depression  in  the  first  to  third  year,  it 
develops  more  rapidly  after  the  sixth  or  seventh.  The 
maxillary  sinus  is  formed  by  an  outgrowth  from  the  middle 
meatus  in  the  region  of  the  future  hiatus  semilunaris,  which 
bursts  through  the  lateral  nasal  plate  of  cartilage  and 
distends  the  maxillary  process  of  the  foetal  face.  This  is 
the  only  one  of  the  sinuses  that  is  more  than  a  mere  rudiment 
at  birth,  at  which  period  it  forms  a  shallow  depression  above 
the  germ  of  the  first  milk  tooth  ;  at  the  age  of  ten  it  is  well 
formed,  and  during  adolescence  it  expands  and  fills  out  the 
whole  of  the  maxilla,  reaching  full  size  after  completion 
of  the  secondary  dentition. 

In  the  adult,  as  might  be  expected  from  the  mode  of 
development,  much  variation  in    the  size  and  extensions 
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and  consequently  in  the  relations  of  these  air-spaces,  especi- 
ally of  the  ethmoidal  group,  is  found.  The  ethmoidal  group, 
together  with  the  maxillary  sinus,  are  constantly  present,  the 
others  may  in  rare  instances  be  undeveloped  even  in  the 
adult.  The  frontal,  sphenoidal,  and  palatine  sinuses  are 
homologous  with,  and  may  be  succeeded  or  displaced  by, 
the  ethmoidal  cells,  the  growth  of  which,  indeed,  may  be  so 
exuberant  as  to  encroach  upon  the  area  usually  occupied  by 
any  of  the  others. 

The  frontal  sinuses  (sinus  frontales)  lie  above  the  upper 


FIG.  26.  — The  Frontal  Sinuses  exposed  by  removal  of  their  anterior  walls.  The 
irregularity  and  roughness  of  the  cerebral  wall  is  abnormal,  but  the  preparation 
shows  a  median  dividing  septum  and  the  openings  at  the  back  and  lower  part. 
(The  position  of  the  orbitalis  muscle  of  Miiller  is  indicated  by  the  shading  across 
the  right  inferior  orbital  fissure. )  x  f . 

and  inner  angles  of  the  orbital  entrances  and  behind  the 
supra-orbital  ridges.  Usually  two  in  number,  they  are  rarely 
of  equal  size,  the  dividing  septum  being  generally  displaced 
to  one  side  of  the  mid-line  ;  they  may  be  undeveloped,  as 
in  the  upper  two  bones  seen  in  Fig.  12,  p.  30.  Logan 
Turner  gives  normal  dimensions  of  ij  inches  high,  i  inch 
wide,  and  i  inch  deep  from  before  backwards,  or  31,  25,  25 
mm.  respectively,  and  the  average  capacity  is  from  3  to  5 
c.c.  in  males,  but  much  less  in  females.  Schaeffer  found  the 
extreme  capacity  of  both  to  vary  from  i  to  45  c.c.  The 
opening  (ostium  frontale)  of  each' lies  posteriorly  and  near  the 
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median  plane  (Fig.  26),  and  leads  through  the  fronto-nasal 
duct  into  the  middle  meatus  of  the  nose,  either  separately, 
or  through  the  infundibulum  (as  found  in  56  per  cent  of 
cases  by  Schaeffer  and  as  illustrated  in  Fig.  25)  ;  the  duct 
is  separated  from  the  lacrimal  fossa  by  ethmoidal  cells. 
The  width  of  the  sinus  is  its  most  variable  feature,  and,  as 
already  noted  on  p.  29,  it  may  extend  to  a  considerable 
distance  over  the  roof  of  the  orbit  (orbital  part  of  the  sinus), 
as  shown  in  the  opposite  figures. 

The  ethmoidal  cells  (cellulae  etkmoidales)iorm  a  mass,  the 
ethmoidal  labyrinth,  lying  between  the  upper  part  of  the  nasal 
fossa  and  the  orbit,  from  the  latter  of  which  it  is  separated 
by  a  smooth  thin  plate  of  bone,  the  lamina  papyracea.  These 
cells  are  variable  in  number  ;  usually  there  are  eight  or  ten, 
with  extremes  of  four  to  fifteen  (Rollet),  and  averaging 
the  size  of  a  pea,  though  smaller  in  front  than  behind  ; 
separated  from  one  another  by  delicate  bony  partitions, 
they  open  either  individually  or  through  one  another  into 
the  nasal  cavity.  They  may  be  subdivided  into  three  groups, 
anterior,  middle,  and  posterior,  in  accordance  with  their 
relative  positions,  the  site  of  their  openings,  and  the  bones 
completing  their  walls.  The  anterior  cells,  one  to  three 
in  number,  open  into  the  middle  meatus,  either  into  the 
infundibulum  or  into  the  recess  above  (or  more  rarely 
beneath)  the  bulla  ethmoidalis,  and  their  walls  are  com- 
pleted by  the  frontal,  lacrimal,  and  maxillary  bones  ;  they 
may  project  into  the  frontal  sinus  to  form  a  frontal  bulla, 
or  hollow  out  the  anterior  extremity  of  the  middle  concha 
and  also  the  agger  nasi,  and  as  '  lacrimo-ethmoidal  cells ' 
they  present  important  relations  to  the  fossa  for  the  lacrimal 
sac  (see  p.  66)  Those  of  the  middle  and  largest  group 
open  above  and  below  the  bulla  ethmoidalis,  which  they 
also  inflate  ;  their  walls  are  all  formed  by  the  ethmoidal  bone 
itself,  save  where  they  project  like  the  frontal  sinus  above 
the  orbit  between  the  lamellae  of  the  frontal  bone.  The 
posterior  cells,  unlike  the  other  two  groups,  open  into  the 
superior  meatus  and  above  the  middle  concha  ;  usually 
three  in  number,  their  walls  are  completed  by  the  ethmoidal, 
sphenoidal,  and  palatine  bones  ;  they  may  project  or  even 
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open  into  the  sphenoidal  sinus  or  replace  the  air-cell  of  the 


FIG.  27. — Four  Frontal  Bones  showing  varying  degrees  of  extension  of  frontal 
sinuses  (F. )  and  ethmoidal  cells  (E. )  over  the  orbital  roof.  In  the  upper  two 
specimens  bristles  have  been  passed  through  the  anterior  ethmoidal  canals.  x  \. 


palatine  bone,  and  one  or  more  cells  may  present  important 
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relations  to  the  optic  canal,  as  has  been  seen  on  p.  27. 
The  palatinal  air-cell  hollows  out  the  orbital  process  of  the 
palatine  bone,  and  so  is  related  to  the  apex  of  the  floor  of 
the  orbit  (Fig.  18,  p.  46)  ;  it  usually  opens  into  either  the 
sphenoidal  sinus  or  a  posterior  ethmoidal  cell. 

The  sphenoidal  sinus  (sinus  sphenoidalis)  is  one  of  a 
pair  of  air-spaces  hollowed  out  in  the  body  of  the  sphenoidal 
bone  ;  they  are  generally  completely,  but  rarely  equally, 
divided  from  one  another  by  a  septum,  and  are  frequently 
encroached  upon  by  ethmoidal  cells  ;  an  average  size  is 
12  mm.  high,  15  mm.  wide,  22  mm.  deep,  with  a  capacity 
of  7*5  c.c.,  but  the  extent  to  which  they  hollow  out  the 
basi-sphenoid  is  most  variable,  Schaeffer,  for  example, 
giving  a  range  of  from  *5  to  30  c.c.  each.  Cope  (1916,  1917) 
classifies  three  types  according  to  their  degree  of  development; 
out  of  292  sinuses  examined  he  found  that  155  extended 
backwards  beneath  the  fossa  hypophyseos  (sella  turcica),  72 
were  confined  to  the  pre-sphenoid  in  front  of  the  olivary 
eminence,  and  65  were  intermediate  in  type  and  only  slightly 
encroached  upon  the  basi-sphenoid  ;  examples  are  seen  in 
Figs.  25,  33,  122,  186.  They  lie  at  the  back  and  upper  part 
of  the  nasal  cavities  ;  in  the  skull,  the  distance  of  the  mid- 
point of  the  anterior  wall  of%  the  sinus  from  the  point 
nasion  is  about  48  mm.  or  2  inches  (varying  from  42  to  60 
mm.  in  20  cases  measured  by  the  writer),  and  from  the 
lateral  margin  of  the  anterior  nares  is  about  70  mm.  or 
2 1  inches  (varying  from  64  to  74  mm.  in  13  preparations). 
Each  communicates  by  an  opening  (apertura  sinus  sphen- 
oidalis) situated  above  the  centre  of  its  anterior  wall  with 
the  corresponding  spheno-ethmoidal  recess.  They  are  re- 
lated to  the  cavernous  sinus  laterally  (where  the  bony  wall 
has  been  found  deficient  by  St.  Clair  Thomson,  1906)  and 
to  the  hypophysis  cerebri  or  pituitary  body  superiorly  and 
posteriorly ;  their  important  relations  to  the  optic  nerves  and 
chiasma  are  described  on  pp.  27,  370 ;  and  further  it  is  to 
be  noted  that  the  pterygoid  or  Vidian  canal,  containing  the 
sympathetic  and  motor  roots  of  the  spheno-palatine  or 
Meckel's  ganglion,  may  form  a  prominence  in  the  floor,  as  also 
may  the  internal  carotid  artery  on  the  side  wall  (Schaeffer) . 
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The  maxillary  sinus  (sinus  maxillaris,  antrum  of  High- 
more)  occupies  the  body  of  the  maxilla,  lying  beneath  the 
orbital  floor,  to  the  lateral  side  and  extending  a  little  below 
the  level  of  the  nasal  cavity  ;  its  average  dimensions  are 
i^  inches  high,  i  inch  wide,  i  J  inch  deep,  with  a  capacity  of 
15  c.c.  Its  opening,  the  ostium  maxillare,  which  is  duplicated 
in  nearly  half  the  number  of  cases  (i.e.  in  42-4  per  cent  of 
125,  as  found  by  Schaeffer),  is  situated  at  the  upper  part  of 
its  nasal  wall  (Figs.  17,  118),  and  leads  into  the  middle 
meatus  through  the  hiatus  semilunaris  (Fig.  122,  p.  233)  ; 
in  those  cases  where  the  fronto-nasal  duct  leads  directly 
into  the  hiatus  semilunaris,  this  gutter  could  drain  the. 
frontal  sinus  more  or  less  completely  into  the  antrum,  a 
condition  seen  in  Fig.  25.  On  the  fore  part  of  this 
nasal  wall  of  the  antrum  there  is  a  thin- walled  "  lacrimal 
protuberance  "  formed  by  the  naso-lacrimal  canal  (Fig.  123, 
p.  234).  The  upper  or  orbital  wall  is  thin  and  ridged  in 
its  fore  part  by  the  infra-orbital  canal  and  by  bony  channels 
containing  the  superior  alveolar  or  dental  nerves.  The 
cavity  may  thus  be  partly  or  completely  subdivided  by 
septa,  and  part  of  it  circumscribed  anteriorly  to  form  a 
(  prelacrimal  recess  '  (p.  72).  This  sinus,  like  the  others, 
may  present  abnormal  extensions  passing  into  any 
of  the  processes  of  the  bone,  such  as  the  frontal  or  the 
zygomatic  (with,  but  very  rarely,  a  continuation  into  the 
zygomatic  bone  itself,  the  sinus  malaris  vel  zygomaticus) ,  or 
it  may  replace  the  palatine  air-cell,  or  even  be  prolonged 
under  the  medial  wall  of  the  orbit. 

For  further  details  of  the  anatomy  and  development  of 
these  accessory  sinuses  the  reader  should  consult  the  works 
of  Zuckerkandl  (1882),  Logan  Turner  (1901),  Killian  (1903), 
Rollet  (1903),  Onodi  (1913),  Skillern  (1913),  Schaeffer  (1920), 
and  papers  by  Coffin  (1905),  Underwood  (1910),  Schaeffer 
(1910),  and  Fawcett  (1911). 

5.  THE  OSSEOUS  LACRIMAL  PASSAGES 

These  comprise  the  lacrimal  fossa  together  with  a 
downward  continuation,  the  naso-lacrimal  canal. 
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(i.)  The  Fossa  for  the  Laerimal  Sac  (fossa  sacci  lacrimalis) 
is  a  broad  groove  occupying  the  lower  two-thirds  of  the 
medial  orbital  margin,  which,  as  explained  on  p.  17, 
divides  to  enclose  it ;  shallow  above,  where  it  usually 
extends  up  to  the  frontal  bone,  it  becomes  deeper  at  its 
lower  end,  where  it  is  continued  downwards  into  a  bony 
channel,  the  naso-lacrimal  canal,  the  two  combined  re- 
sembling the  cut  end  of  a  quill  pen  seen  sideways  (Fig.  34). 
It  is  formed  by  two  bones,  the  frontal  process  of  the 
maxilla  in  front  and  the  lacrimal  behind  ;  each  is  grooved 
by  a  sulcus  lacrimalis ;  the  approximation  of  the  two 
sulci  forms  the  fossa,  and  the  vertically  disposed  "  lacrimo- 
maxillary  suture  '  between  them  divides  it  into  halves  ;  it 
is  bounded  in  front  and  behind  by  two  "  crests  '  (Fig.  18, 
p.  46). 

The  rounded  anterior  lacrimal  crest  (crista  lacrimalis 
anterior)  of  the  maxilla  is  inconspicuous  above  but  well 
marked  below,  where  it  becomes  directly  continuous  with 
the  infra-orbital  margin  ;  here  it  may  present,  as  in  17 
out  of  50  skulls  examined  by  the  writer,  a  "  lacrimal  tubercle" 
which  can  be  felt  in  life,  and  from  its  position  may  be  taken 
as  a  guide  to  the  lacrimal  sac  which  lies  just  behind  and 
above  it.  Gerard  (1907)  found  that  in  28  per  cent  of  140 
orbits  the  tubercle  projected  backwards  over  the  lower  part 
of  the  fossa  as  an  "  anterior  lacrimal  spur  "  (Fig.  28),  and  so 
might  form  an  obstruction  to  catheterisation  of  the  lacrimal 
passages.  Attached  to  the  anterior  lacrimal  crest  is  the 
medial  palpebral  ligament  of  the  eyelids  above,  with  fibres 
of  the  orbicularis  oculi  muscle  below. 

The  posterior  lacrimal  crest  (crista  lacrimalis  posterior), 
formed  by  the  lacrimal  bone,  is  much  more  sharply  defined, 
and  may  even  be  prolonged  as  a  thin  plate  of  bone  curving 
forwards  over  the  fossa,  as  is  well  seen  in  foetal  skulls 
towards  term  or  at  birth  (Fig.  43,  p.  96).  It  is  thickened 
above  at  the  site  of  attachment  of  the  pars  lacrimalis 
(Horner's)  muscle,  as  seen  in  Fig.  21,  and  at  its  lower 
extremity  it  usually  ends  in  a  projection,  the  hamulus 
lacrimalis  (described  above  on  p.  48),  which  curves 
round  laterally  and  so  defines  the  upper  opening  of  the 
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naso-lacrimal    canal.     Just   behind   the   posterior   lacrimal 
crest  is  affixed  the  septum  orbit  ale. 

The  fossa  has  three  walls  :  an  anterior,  narrow  and  well 
marked  only  in  its  lower  part ;  a  medial,  broad  and  divided 
vertically  by  the  lacrimo-maxillary  suture  ;  and  a  posterior, 
variable  in  width.  As  regards  the  medial  wall,  it  is  import- 
ant to  note  that  there  is  a  striking  difference  in  the  archi- 


FIG.  28. — Sagittal  section  through  Right  Orbit  to  show  medial  wall.  There  is  a 
well-marked  "lacrimal  tubercle  "  at  the  base  of  the  anterior  lacrimal  crest,  and  a 
slender  hamular  process  at  the  base  of  the  posterior  lacrimal  crest. 

The  orbital  roof  is  doubled  throughout  by  extensions  from  ethmoidal  cells,    x  f . 

A.  =  Anterior  lacrimal  crest. 

E.     shows  an  ethmoidal  cell  broken  into  ;  above  it  is  a  large  anterior  ethmoidal  foramen. 

O.    is  the  optic  canal  through  which  the  section  passes. 

P.     is  placed  in  the  pterygo-palatine  or  spheno-maxillary  fossa. 

The  white  line  shows  the  course  of  the  infra-orbital  nerve. 

tecture  of  the  two  regions  demarked  by  the  suture,  the 
anterior  or  maxillary  half  being  strong  and  resistant,  the 
posterior  lacrimal  half  being  thin  and  fragile  ;  the  sub- 
division is  not  always  equal,  for  the  maxillary  portion  may 
encroach  upon  the  other,  and  in  very  rare  instances  even 
form  the  whole  of  the  medial  wall  of  the  fossa,  in  which 
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cases  not  only  is  the  fossa  found  much  shallower  and  smaller 
than  usual,  but  the  calibre  of  the  naso-lacrimal  canal  is 
correspondingly  reduced,  as  is  seen  so  well  in  the  casts 
figured  by  Zabel  (1900),  Fig.  34.  The  posterior  wall,  always 
formed  by  thin  bone,  may  be  comparatively  broad  and 
conspicuous  when  the  skull  is  viewed  from  the  front,  giving 
depth  to  the  fossa,  or  it  may  be  narrow  and  less 
prominent,  the  fossa  then  being  shallow  ;  these  differences 
are  most  noticeable  in  the  upper  region,  and  depend  upon 
the  degree  of  development  of  the  underlying  ethmoidal 
cells  ;  they  are  illustrated  in  the  left  orbits  of  the  skulls 
shown  in  Fig.  45,  p.  103.  At  the  upper  end  of  the  lacrimal- 
maxillo  suture  (i.e.  at  the  point  dacryon)  there  is 
present  in  20  per  cent  of  cases  a  foramen  which  transmits 
to  the  ethmoidal  cells  an  arteriole  from  the  nasal  branch 
of  the  ophthalmic  artery,  as  well  as  a  filament  from  the 
infra-trochlear  branch  of  the  nasal  nerve  (Macalister, 
Ledouble).  In  2  per  cent  of  cases  small  twigs  from  the 
angular  and  infra-orbital  arteries  pass  through  small 
orifices  lower  down  in  the  suture.  Zuckerkandl,  moreover, 
describes  a  ' '  lacrimo-f acial  vein  ' '  into  which  blood  passes 
from  the  anterior  ethmoidal  cells  through  the  lacrimal  bone. 

The  relations  of  the  lacrimal  fossa  are  as  follows  :  on 
the  lateral  or  orbital  aspect  it  is  covered  by  the  lacrimal 
fascia  of  the  periorbita  passing  from  one  crest  to  the  other ; 
across  the  front  of  its  upper  part  lies  the  medial  palpebral 
ligament  and  skin  ;  whilst  behind  it  in  the  same  region  there 
is  found  the  pars  lacrimalis  or  Horner's  muscle  ;  the  lower 
part  of  the  fossa  has  the  skin  and  orbicularis  muscle  related 
to  it  in  front,  the  septum  orbit  ale  behind.  These  relations 
are  illustrated  and  referred  to  further  on  p.  229. 

On  the  medial  or  nasal  side  the  fossa,  is  related  to 
ethmoidal  air-cells,  which  intervene  to  a  variable  extent 
between  it  and  the  nasal  cavity  (Fig.  112,  p.  220).  These 
"  lacrimo-ethmoidal  cells '  are  usually  two  in  number, 
superior  and  inferior,  and  belong  to  the  anterior  group  ; 
their  walls  are  completed  by  the  lacrimal  and  frontal  bones 
and  sometimes  in  addition  by  the  frontal  process  of  the 
maxilla,  and  they  open  into  the  infundibulum.  When  well 
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developed  they  may  bound  the  fossa  on  its  posterior,  medial, 
and  anterior  aspects.  Their  precise  relations  are  important 
in  connection  with  the  above  emphasised  difference  in  the 
thickness  of  the  walls  where  formed  by  the  lacrimal  bone 
behind,  or  by 
maxilla  in  front,  a 
difference  strongly 
marked  even  when 
the  frontal  process 
of  the  latter  also 
is  undermined  by 
cells.  In  an  ex- 
amination of  100 
orbits  by  the  writer, 
approximately  the 
lower  half  of  the 
whole  fossa  was 
found  in  every  in- 
stance directly  re- 
lated to  the  middle 
meatus  of  the  nose, 
which  space  could 
always  be  entered 
easily  through  the 
thin  postero-inferior 
quadrant  of  the 
fossa  formed  by  the 
lacrimal  bone  (a 
relation  found 
generally  by  Toti, 
Dieulafe  (1905), 
and  Aubaret  (1910), 
and  in  the  proportion  of  80  per  cent  of  82  skulls  by  Thorsch 
(1909),  and  in  18  out  of  29  by  Salus).  On  the  other 
hand,  the  upper  half  of  the  fossa  presented  relations 
to  either  one  or  two  anterior  ethmoidal  cells,  which  extended 
(i.)  to  the  posterior  wall  only  in  14  orbits  ;  (ii.)  as  far  as 
the  suture  in  the  centre  of  the  medial  wall  in  32  ;  (iii.) 
completely  across  the  fossa  and  up  to,  or  even  into,  the 


FIG.  29. — Dissection  of  Medial  Wall  of  Left  Orbit  to 
show  the  relation  of  the  fossa  for  the  lacrimal 
sac  (L. )  in  its  upper  part  to  an  anterior  ethmoidal 
cell  (in  black)  above  which  is  seen  the  frontal 
sinus  (F. ),  and  in  its  lower  part  to  the  nasal 
mucosa  (N. ).  The  muco-periosteal  lining  of  the 
air-cells  has  been  exposed  by  removal  of  their 
bony  orbital  walls.  A  wedge-shaped  piece  has 
been  cut  out  of  the  anterior  lacrimal  crest  to  show 
its  thickness.  Natural  size. 
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frontal  process  of  the  maxilla  in  54  (Whitnall,  1911).     These 
variations  are  shown  in  the  following  figure. 

There  was  in  most  cases  a  single  intervening  cell  situated 
in  the  fore  end  of  the  processus  uncinatus  of  the  ethmoid 
in  the  region  of  the  agger  nasi  (cellula  lacrimalis,  or  "  cell 
of  the  agger  nasi,"  or  the  "  cellule  fronto-ethmoido-ungueale ' 

of  Aubaret),  as  is  well 
shown  in  Figs.  22  and 
29  above,  and  in  Fig. 
122,  p.  233,  and  it 
should  be  particularly 
noticed  that  this  air- 
cell  separated  the 
upper  half  of  the 
lacrimal  fossa  from  the 
nasal  cavity,  and'would 
first  be  opened  into 
on  attempting  to  enter 
the  cavity  by  this 
route,  or,  on  the  other 
hand,  in  obtaining  ac- 
cess to  the  lacrimal  sac 
by  the  nasal  route.  In 
no  case  was  the  fronto- 
nasal  duct  found  in 
direct  relation  to  the 

FIG.    30. — To  show    the  varying   relations  of  an  , 

Anterior  Ethmoidal  Cell  to  the  upper  half  of  lacrimal    lOSSa,    DUt 

the  fossa  for  the  lacrimal  sac.     The  figures  give  ^here      was      always      a 

the  percentages  of  cases  found  in  TOO  orbits  ex-  '       ..  -,  .  i      v 

amined.  The  lower  limbof  the  lines  corresponds  Cellular      interval 

approximately  to  the  free  margin  of  the  middle  f^yppn  them    as  Seen  1 
concha.      Compare  with  Fig.  31  opposite. 

Fig.  22,  though  Onod 
(1913)  has  seen  an  enlarged  frontal  sinus  itself  extending 
downwards  to  the  upper  end  of  the  fossa.  Finally,  it 
should  be  mentioned  that  an  extension  from  the  upper  part 
of  the  hiatus  semilunaris  reaching  to  the  posterior  wall  of 
the  lacrimal  fossa  is  often  present ;  such  an  '  ethmo- 
lacrimal  recess  '  was  found  by  Griinwald  (1910)  in  56  out 
of  79  preparations. 

As  regards  the  deeper  relations  to  the  lateral  wall  of  the 


a, 
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nasal  cavity,  the  upper  half  of  the  lacrimal  fossa  lies  opposite 
the  fore  end  of  the  attached  border  of  the  middle  concha  and 
its  forward  continuation,  the  agger  nasi,  an  air-cell  usually 
intervening,  as  described  above.  The  lower  half  of  the  fossa 


<;.  31. — Radiograph  through  the  left  lateral  nasal  wall  seen  from  the  medial 
aspect,  to  show  the  position  of  the  fossa  for  the  lacrimal  sac  (L. ),  on  the 
further  side,  relative  to  the  fore  end  of  the  middle  concha  (C. )  on  this  side. 
The  outline  of  the  naso-lacrimal  canal  is  also  well  shown.  Compare  with  Fig. 
122,  p.  233.  Natural  size.  (By  Dr.  J.  D.  Morgan.) 

is  directly  related  to  the  upper  part  of  the  middle  meatus, 
just  below  the  attachment  of  the  middle  concha  (the  re- 
mainder of  the  meatus  in  vertical  height  being  related  to 
its  continuation,  the  naso-lacrimal  canal).  In  Figs.  24,  25, 
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and  1 86  the  position  of  the  fossa  relative  to  this  wall  was 
indicated  by  pins  driven  through  its  outlines  from  the 
orbital  aspect,  and  in  Fig.  31  the  exact  relation  is  clearly 
displayed.  The  free  extremity  of  the  middle  concha  does 
not  usually]  project  as  far  forwards  as  the  fossa,  since 
Thorsch  (1909)  found  that  an  opening  made  through  the 


FIG.  32. — Formation  of  the  naso-lacrimal  canal.  Right  Maxilla  seen  from 
Nasal  Side,  showing  outlines  of  lacrimal  bone,  above,  and  inferior  concha  or 
turbinated  bone,  below,  and  the  formation  of  the  sulcus  lacrimalis  of  the  maxilla, 
S. ,  into  the  naso-lacrimal  canal  by  the  junction  of  processes  of  these  two  bones 
on  its  medial  side.  The  extent  to  which  the  lips  of  the  sulcus  normally  form  the 
medial  wall  of  the  canal  is  here  seen.  Compare  with  Fig.  33  opposite. 

The  fore  and  upper  part  of  the  antrum,  A.,  presents  a  well-defined  "  pre- 
lacrimal  recess."     Natural  size. 

fossa  into  the  nose  was  covered  by  the  middle  concha  in  14, 
partly  covered  in  13,  but  completely  uncovered  in  52  out 
of  79  cases. 

(ii.)  The  Naso-lacrimal  Canal  (canalis  naso-lacrimalis) 
is  a  short  bony  tube  leading  downwards  from  the  lacrimal 
fossa  to  the  inferior  meatus  of  the  nose,  and  containing  the 
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membranous  naso-lacrimal  duct.  .It  is  formed  by  three 
bones,  the  maxilla,  lacrimal,  and  inferior  nasal  concha 
(inferior  turbinated  bone),  of  which  the  greater  part  is 
contributed  by  the  maxilla.  On  the  forepart  of  the  nasal 
surface  of  the  body  of  this  last  bone  is  a  deep  groove,  the 
sulcus  lacrimalis,  the  downward  continuation  of  the  same 
sulcus  on  the  posterior  aspect  of  the  frontal  process  which 


FIG.  33. — The  Bones  of  the  Lateral  Nasal  Wall,  showing  the  descending  process  of 
the  lacrimal  bone,  L. ,  and  the  lacrimal  process  of  the  inferior  concha  or  turbinated 
bone,  I.T. ,  which  together  form  the  medial  wall  of  the  naso-lacrimal  canal. 
Compare  with  Fig.  32.  Natural  size. 

M.  =  Frontal  process  of  maxilla. 

M.  T.  =  Middle  concha  or  turbinated  process  of  ethmoidal  bone. 
S.  —  Sphenoidal  sinus. 

helps  to  form  the  lacrimal  fossa,  and  the  gap  between  its  lips 
on  the  nasal  side  is  completed  by  the  articulation  of  the 
descending  process  of  the  lacrimal  bone  from  above  with 
the  lacrimal  process  of  the  inferior  turbinated  (concha 
nasalis  inferior)  bone  from  below,  as  shown  in  Figs.  32,  33. 
These  two  processes,  of  paper-like  delicacy,  as  are  the 
bones  to  which  they  belong,  complete  the  medial  wall  of 
the  canal  and  shut  it  off  from  the  nasal  cavity  ;  the  extent 
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to  which  they  take  part  in  the  completion  of  the  canal  is 
variable,  and  is  compensated  by  the  degree  of  development 
of  the  lips  of  the  sulcus  lacrimalis.  The  upper  aperture  of 
the  canal  is  situated  in  the  antero-medial  angle  of  the  orbital 
floor,  and  its  lateral  margin,  the  incisum  lacrimalis,  is 
circumscribed  by  the  hamulus  of  the  lacrimal  bone  when 
this  process  is  developed  ;  the  inferior  oblique  muscle  of  the 
eyeball  arises  from  the  orbital  floor  just  wide  of  this  margin 
(Fig.  16,  p.  41).  The  lower  or  nasal  opening  of  the  canal 
lies  in  the  apex  of  the  roof  of  the  inferior  meatus  and  near 
the  junction  of  its  anterior  and  middle  thirds  ;  it  is  distant 
from  15  to  20  mm.  or  f  inch  (average  16-1  mm.)  from  the 
fore  end  of  the  inferior  concha,  and  from  n  to  23  mm. 
(average  17-3  mm.)  above  the  floor  of  the  nasal  fossa 
(Swerschewsky,  1910).  (This  opening  of  the  bony  canal  is 
not  to  be  confused  with  that  of  the  contained  membranous 
duct,  which  commonly  lies  at  a  lower  level  beneath  the 
mucous  membrane  lining  the  side  wall  of  the  meatus,  and 
the  position  of  which  is  described  on  p.  236). 

The  naso-lacrimal  canal  lies  between  the  adjacent  fore- 
parts of  the  maxillary  sinus  and  the  middle  meatus  of  the 
nose,  projecting  into  either  or  both  spaces.  As  regards 
the  former,  it  has  already  been  noted  that  the  canal  usually 
projects  more  or  less  boldly  into  the  inner  and  forepart  of 
the  sinus  to  form  the  "  lacrimal  protuberance  "  of  Zucker- 
kandl  (Fig.  123,  p.  234)  ;  this  columnar  prominence  extends 
from  the  roof  of  the  sinus,  where  an  abnormal  ethmoidal 
cell  may  present  relations  to  it,  to  nearly  half-way  down 
the  medial  wall,  that  is,  as  far  as  the  line  of  attachment  of 
the  inferior  turbinated  bone  ;  the  thinness  of  its  wall, 
about  i  mm.,  is  to  be  remembered  in  curetting  the  sinus ; 
Fein  (1912)  found  a  lacrimal  protuberance  well  developed 
in  9  but  absent  in  17  out  of  37  bones,  and  noted  that  the 
alveolus  of  the  first  bicuspid  tooth  may  be  prolonged  to 
meet  it.  Part  of  the  maxillary  sinus  may  be  related  more 
intimately  to  the  canal  by  the  formation  of  a  ' '  prelacrimal 
recess  '  (Killian,  Onodi)  or  "  infra-orbital  recess  '  (Zucker- 
kandl),  the  upper,  inner,  and  fore  corner  of  the  cavity  being 
then  circumscribed  by  the  lacrimal  protuberance  on  the 
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medial  side,  with  projecting  ridges  due  to  the  infra-orbital 
canal  laterally,  and  the  anterior  superior  alveolar  or  dental 
canal  inferiorly,  the  roof  of  the  sinus  bounding  the  space 
above.  Out  of  21  maxillae,  5  presented  such  a  recess 
about  as  large  as  a  pea,  curving  round  the  front  of  the 
lacrimal  protuberance  and  separated  off  from  the  rest  of 
the  sinus  by  a  constricted  neck  (Whitnall,  1913)  ;  its  forma- 
tion and  position  are  well  shown  in  Fig.  32  and  are  also 
seen  in  Fig.  170,  p.  326. 

On  the  lateral  wall  of  the  nasal  cavity,  the  line  of  the 
naso-lacrimal  canal,  which  may  be  indicated  by  a  protuber- 
ance similar  to  that  seen  within  the  sinus,  extends  down- 
wards with  a  backward  slope  from  the  attached  end  of  the 
middle  concha,  as  indicated  in  Fig.  24  and  shown  in  Fig. 
31,  and  bounds  the  atrium  posteriorly.  The  relations  to 
this  wall  should  be  considered  in  conjunction  with  those 
of  the  lacrimal  fossa  given  above. 

The  form,  dimension,  and  direction  of  the  bony 
lacrimal  passages  all  show  considerable  variation,  chiefly 
owing  to  the  extent  to  which  the  individual  bones  participate 
in  their  formation,  in  a  lesser  degree  according  to  the  type 
of  skull,  and  also  from  the  influence  of  certain  intrinsic 
factors  (see  p.  235).  The  form  of  the  passages  is  shown 
best  by  the  fusible  metal  casts  taken  by  Zabel  (1900),  as 
seen  in  Fig.  34,  and  is  indicated,  though  less  accurately,  by 
the  plaster  moulds  of  the  interior  of  the  sac  and  duct  pre- 
pared by  Aubaret  (1910). 

The  lacrimal  fossa  is  deepest  at  its  base,  where  it-  is 
confluent  with  the  circular  opening  of  the  naso-lacrimal 
canal ;  it  presents  an  antero-posterior  oval  section  towards 
its  middle  and  tapers  off  at  its  upper  end  ;  in  the  infantile 
skull  it  is  almost  cylindrical  throughout,  and  is  extensively 
overlapped  by  the  posterior  lacrimal  crest.  It  is  shallower 
in  degree  as  it  is  formed  in  greater  extent  by  the  maxilla, 
and  its  breadth  varies  with  the  shape  of  the  skull,  being  wider 
in  the  brachycephalic  and  narrower  in  the  dolichocephalic 
type.  The  width  varies  from  4  to  9  mm.  (with  an  average 
of  6-5  mm.  in  122  orbits  ;  Gerard,  1907),  and  its  length 
averages  16-5  mm.  in  males  and  a  millimetre  shorter  in 
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females  (Ledouble,  1906).  Facial  asymmetry  explains 
variation  in  the  two  fossae  of  the  same  skull,  found  10  times 
in  138  orbits  by  the  latter  author. 

The  naso-lacrimal  canal  is  usually  flattened  from  side 
to  side,  but  is  sometimes  cylindrical.  Gerard  found  it 
narrowest  at  the  orbital  opening  ;  Zabel,  on  the  other  hand, 
described  a  slight  constriction  towards  the  middle  with 
dilatations  at  the  upper  and  lower  openings,  the  planes  of 
which  apertures  are  parallel.  The  upper  or  orbital  opening 
is  generally  oval  and  much  more  cleanly  cut,  especially 
when  defined  by  the  presence  of  a  hamular  process,  than 
the  wider,  almost  funnel-shaped  inferior  or  nasal  aperture. 


a 


Taken 


FIG.  34. — Casts  of  Osseous  Lacrimal  Passages  by  Zabel,  modified, 
from  right  orbits  and  seen  from  anterior  aspect.     About  natural  size, 

a=  From  two  skulls  with  normal  lacrimal  bones,  showing  variation  in  calibre  of  naso-lacrimal 
canal.  The  black  lines  show  the  inclinations  of  the  long  axes  of  the  fossa  and  canal. 

b=  From  two  skulls  with  badly  developed  lacrimal  bones,  showing  marked  reduction  in  calibre 
of  canal. 

The  dimensions  of  the  naso-lacrimal  canal  vary  con- 
siderably. The  length,  generally  less  in  dolichocephalic 
and  greater  in  brachycephalic  skulls,  is  affected  by  the 
development  of  the  hamular  process  at  the  upper  end  and 
by  the  level  of  the  articulation  of  the  inferior  concha  at 
the  lower  end.  From  its  upper  to  its  lower  opening  an 
average  length  is  12-4  mm.  or  J  inch,  combining  the  follow- 
ing extreme  ranges  :  Zabel,  from  2-5  mm.  to  15  mm. ;  Merkel, 
from  10  to  12  mm.  ;  Swerschewsky,  from  6  to  15  mm.  (aver- 
age 9-2)  ;  Schwalbe,  from  12  to  24  mm.  ;  Power,  an  average 
of  15*3  mm.  in  287  European  skulls  (see  Fig.  116,  p.  225). 

The  height  of  the  upper  or  orbital  opening  of  the  canal 
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from  the  level  of  the  nasal  floor  was  found  by  Power  (1886) 
to  average  27-4  mm.  in  292  European  skulls  ;  Gerard's 
figure  is  23-3  mm.,  or  nearly  an  inch,  with  extremes  of  25 
and  40  mm.  in  69  skulls.  Theobald  (1900)  found  that  the 
average  combined  length  of  the  fossa  and  canal  was  30-7 
mm.  in  286  skulls.  The  transverse  width  (the  narrower 
dimension)  of  the  upper  orifice  of  the  canal  is  4*6  mm.,  on 
an  average  made  from  the  following  figures  : 

(i.)  Zabel,  from  4-3  to  6-8  mm.  (sagittal  width  from  5-9 

to  11-9  mm.). 

(ii.)  Onodi,  from  3  to  4  mm. 
(iii.)  Merkel,  5  mm. 
(iv.)  Gerard,  from  3  to  6  mm. 

(v.)  Power,  an  average  of  3-77  mm.  in  205  European 
skulls  (with  an  average  antero-posterior  diameter 
of  4-14  mm.).  The  right  duct  was  slightly 
narrower  than  the  left  in  both  dimensions. 
(vi.)  Swerschewsky,  from  3  to  6  mm.  (average  5-1),  and 
transverse  width  of  lower  opening  from  4  to 
8  mm.  (average  7). 

(vii.)  Theobald,  3  to  7  mm.  (average  4!ii)  in  70  adult 
canals  measured  by  rigid  probes  ;  with  a  differ- 
ence in  the  measurements  on  the  two  sides  in 
18  cases. 

The  calibre  of  the  canal  appears  to  be  affected  by  the 
degree  of  development  of  the  lacrimal  bone,  being  narrowed 
when  this  bone  is  rudimentary  ;  the  extent  to  which  it  is 
then  formed  by  the  maxilla  compensates  for  this  deficiency. 
In  an  examination  of  50  maxillae  by  the  writer,  it  was  found 
that  in  31  the  lacrimal  sulcus  formed  about  three-quarters 
of  the  circumference  of  the  canal,  the  lips  being  separated 
by  about  4  mm.,  and  the  gaps  between  completed  as  usual 
by  processes  of  the  lacrimal  bone  and  inferior  concha  (Fig. 
32)  ;  in  these  cases  the  canal  was  always  roomy,  an  antero- 
posterior  diameter  of  8  mm.  being  found  near  the  middle 
of  several,  and  there  was  nowhere  any  narrowing  ;  in  12 
bones  in  which  the  lips  of  the  sulcus  were  only  one  or  two 
millimetres  apart,  the  canal  was  a  little  narrower,  but 
without  constriction  ;  in  7  bones  the  lips  met  and  fused 
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(Fig.  35),  and  the  central  part  of  the  canal  thus  formed 
entirely  by  maxilla  was  much  narrower,  no  less  than  four 
of  these  cases  presenting  a  decided  constriction  of  the  lumen 
in  this  region  (Whitnall,  1912). 

Whilst  the  naso-lacrimal  duct  enclosed  in  such  a  narrowed 
canal  may  have  been  permeable,  it  is  obvious  that  a  slight 
cause  would  lead  to  its  occlusion.  In  these  cases  the  part 
contributed  to  the  formation  of  the  canal  by  the  lacrimal 
bone  was  naturally  reduced  ;  and  Zabel  has  noted  that  in 

some  skulls  where  the 
lacrimal  bone  is  rudi- 
mentary or  absent  not 
only  is  the  lacrimal 
fossa  shallow  and 
small,  but  the  canal 
is  narrowed  trans- 
versely. In  12  com- 
plete skulls  with  rudi- 
mentary  lacrimal 
bones  seen  by  the 
writer,  7  presented 
shallow  fossae,  with 
decided  narrowing  of 
the  orbital  openings 
of  the  canals.  The 

FIG.    35. -Left   Maxilla  viewed  from  Nasal  Side,      constriction    Can    Well 
showing  approximation  of  lips  of  sulcus  lacri- 

malis  to  form  completely  the  mid-part  of  the  be  S66n  by  holding 
naso-lacrimal  canal,  with  constriction  of  ,1  ci^nll  with  tViA 
lumen  to  3  mm.  Compare  with  Figs.  16,  32. 

Natural  size.  vertex  towards  one 

and  bringing  the 

orifice  of  the  canal  into  view  by  glancing  over  the  supra- 
orbital  margin,  as  illustrated  in  the  following  figure. 

The  above  dimensions  may  be  compared  with  those  of 
the  membranous  lacrimal  sac  and  duct  given  on  p.  237, 
where  Onodi's  measurement  of  the  duct  in  children  will  be 
found. 

The  direction  and  inclination  of  the  lacrimal  passages 
stand  next  to  the  dimensions  in  importance  from  a  practical 
point  of  view  ;  they  are  dependent  on  the  configuration  of 
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the  facial  skeleton,  being  influenced  by  the  breadth  of  the 
bridge  of  the  nose  and  of  the  nasal  aperture,  and  by  the 
development  of  the  maxillary  air-sinus.  Seen  in  profile,  both 
fossa  and  canal  slope  slightly  backwards  as  they  pass  down- 
wards, the  long  axis  of  the  canal  forming  an  angle  of  from 
15°  to  25°  (Testut),  with  the  frontal  plane  (Figs.  31,119,  122). 
Seen  from  in  front,  the  inclinations  differ,  the  fossa  showing 
a  lateral  deviation  inferiorly,  whilst  the  canal  on  the  other 


FIG.  36. — Fore  Parts  of  two  Skulls,  viewed  from  above  to  show  orbital  opening 
of  naso-lacrimal  canal,  in  the  upper  specimen  of  normal  calibre,  in  the  low'er 
one  narrowed.  The  latter  is  the  skull  shown  in  Fig.  20  with  absence  of  lacrimal 
bone,  x  ^. 

*       •* 

hand  inclines  slightly  medially  towards  its  lower  end ; 
hence  the  long  axis  of  the  fossa  and  canal  together  form  an 
angle,  or  rather  a  wide  parabolic  curve,  with  a  concavity 
directed  towards  the  nose  and  a  summit  near  the  upper 
orifice  of  the  canal  (Fig.  34  a) .  The  lateral  obliquity  of  the 
medial  wall  of  the  fossa  is  more  pronounced  in  leptorhine 
or  narrow-nosed  skulls  than  in  the  platyrhine  or  broad-nosed 
type  ;  it  forms  an  angle  with  the  median  sagittal  plane 
open  below  and  on  the  average  of  26°  (with  extremes  of 
13°  and  37°)  according  to  Picou.  The  long  axis  of  the 
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canal  forms  a  similar  angle,  but  open  above,  and  of  12°  ; 
the  two  canals  therefore  converge  inferiorly,  in  agreement 
with  the  observations  of  Schwalbe,  Merkel,  Zabel,  and 
Picou,  though  a  divergence  of  direction  is  described  as 
normal  by  Henle,  Hyrtl,  Arlt,  and  Onodi.  Theobald  in 
275  European  skulls  found  the  canals  were  parallel  in  37, 
sub-parallel  in  117,  converging  below  in  121.  The  naso- 
lacrimal  canal  in  the  negro  has  been  studied  by  Santos 
Fernandos  (1903),  who  finds  it  shorter,  broader,  and 
straighter  than  in  white  races. 

In  the  living  subject,  the  line  of  the  long  axis  of  the  fossa 
is  indicated  by  the  upper  part  of  the  naso-jugal  fold  of 
the  skin  (Fig.  8,  p.  20  ;  Fig.  48,  p.  114  ;  and  Fig.  142, 
p.  265).  According  to  Arlt  (1855),  the  deviation  of  the 
canal,  which  he  considers  is  a  lateral  one,  is  shown  by  a  line 
drawn  from  the  medial  canthus  of  the  eyelids  to  the  lower 
part  of  the  naso-labial  fold.  In  his  words  (quoted  by 
Onodi),  "  when  the  interval  between  the  alae  nasi,  measured 
at  the  place  where  they  pass  on  to  the  cheek,  is  equal  to  the 
interval  between  the  middle  points  of  the  two  medial 
palpebral  ligaments,  then  there  is  no  lateral  deviation  of 
the  nasal  duct.  But  when  the  first- mentioned  interval  is 
the  wider,  as  is  usually  the  case,  then  the  lateral  deviation 
of  the  duct  is  represented  by  half  this  difference.  In 
exceptional  cases  the  alae  nasi  approach  each  other  so 
closely  that  the  space  between  them  is  less  than  that  between 
the  middle  points  of  the  palpebral  ligaments.  When  this 
is  the  case  the  lateral  deviation  is  reversed.  The  deviation 
can  readily  be  ascertained  by  applying  a  straight  sound  to 
the  base  of  the  ala  nasi  below  and  to  the  middle  of  the  palpe- 
bral ligament  above."  In  life  it  should  be  remembered  that 
a  probe  passed  down  the  lacrimal  sac  and  duct  has  to  accom- 
modate itself  to  the  oppositely  inclined  long  axes  of  their 
osseous  boundaries,  though  its  passage  is  no  doubt  facilitated 
by  the  elasticity  of  the  delicate  bones  forming  the  medial 
wall  of  the  channel,  which  it  must  touch  in  the  middle  of 
its  course.  "It  is  commonly  said  that  probes  passed  one 
into  each  nasal  duct  meet  above  on  the  glabella  ;  this  is 
certainly  not  often  the  case  during  life  '  (Fisher,  1904). 
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From  this  point  of  view  the  inclination  of  the  fossa  is 
negligible,  since  its  contained  sac  is  confined  laterally  by 
soft  and  extensible  structures,  whereas  the  direction  of 
the  duct  lying  in  its  osseous  canal  is  of  greater  importance. 

The  backward  inclination  as  seen  in  profile  is  indicated 
by  a  line  passing  from  the  medial  commissure  of  the  eyelids 
towards  the  first  molar  tooth.  The  line  passes  just  in  front 
of  this  tooth,  according  to  Onodi  and  Testut,  but  behind  it 
according  to  Luschka  and  Merkel.  In  children  the  direction 
is  towards  the  first  temporary  molar  tooth  (Onodi) . 

Of  the  authors  quoted  in  this  section,  the  work  by  Onodi 
(1913)  will  be  found  of  special  interest,  in  that  he  discusses 
the  various  operations  performed  on  the  nasal  wall  of  the 
lacrimal  passages,  and  illustrates  their  relations  to  the 
surrounding  parts  by  numerous  photographs  of  fresh  pre- 
parations in  the  child  as  well  as  in  the  adult. 


6.  TABLE  OF  APERTURES  OF  THE  ORBIT 

AND    THE    STRUCTURES    WHICH    TRAVERSE    THEM 

The  orbit  communicates  with  the  Cranium  by  the 

1.  Optic  canal,  transmitting 

the  optic  nerve  ; 
the  ophthalmic  artery  ; 

the  sympathetic  fibres  from  the  carotid  plexus  ; 
the  orbital  prolongations  of  the  meninges  as  sheaths  round 
the  optic  nerve. 

2.  Superior  orbital  fissure,  transmitting 

the  III.,  IV.,  VI.,  and  ophthalmic  division  of  V.  cranial 

nerves  ; 

the  ophthalmic  vein  ; 
the  sympathetic,  and  sometimes  also  sensory  root  of  the 

ciliary  ganglion,  and  some  filaments  from  the  cavernous 

plexus  of  the  sympathetic  system  ; 
the  orbital  branch  of  the  middle  meningeal  artery. 

3.  Ethmoidal  canal,  anterior,  transmitting  the  internal  nasal 

nerve  and  anterior  ethmoidal  artery. 

4.  Ethmoidal  canal,  posterior,  transmitting  the  nerve  of  Luschka 

and    posterior    ethmoidal    artery ;     probably   also    lym- 
phatics through  both  canals. 
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With  the  Nose  by  the 

5.  Naso-lacrimal  canal  transmitting  the  naso-lacrimal  duct. 
Ethmoidal  canal  (posterior). 

With  the  Face  by  the 

6.  Inferior  orbital  fissure  (to  infra-temporal  fossa),  transmitting 

the  infra-orbital  nerve  and  blood-vessels  ; 

the     veins    connecting    the     ophthalmic    and    pterygoid 

plexuses. 

7.  Zygomatico-temporal  canal  (to  temporal  fossa),  transmitting 

the  corresponding  branch  of  the  zygomatic  or  orbital 
branch  of  the  superior  maxillary  division  of  V.  nerve, 
together  with  an  artery. 

8.  Zygomatico-facial  canal  (to  cheek),  transmitting  the  corre- 

sponding branch  of  the  zygomatic  or  orbital  branch  of  the 
superior  maxillary  division  of  V.  nerve,  together  with  an 
artery. 

9.  Infra-orbital  canal  (to  cheek),  transmitting  the  infra-orbital 

nerve  and  vessels. 

10.  Supra-orbital  notch  and  frontal  notch  (to  frontal  region), 
transmitting  the  branches  of  supra-orbital  nerve  and 
vessels. 

It  is  of  interest  to  note  how  much  more  closely  connected 
the  orbit  is  with  the  brain  than  are  the  other  cavities  of 
the  face.  The  orbit  communicates  with  the  cranial  cavity 
by  several  apertures  ;  its  lining  periorbita  is  a  direct  con- 
tinuation of  the  dura  mater,  which,  together  with  the  other 
two  cerebral  membranes,  the  pia  and  arachnoidea,  are 
prolonged  around  the  optic  nerve  into  the  orbit ;  the  blood 
comes  from  the  internal  carotid  artery  just  before  this 
vessel  terminates  in  branches  which  supply  the  brain,  and 
is  drained  into  the  cranial  venous  sinus  system ;  and, 
finally,  the  chief  contents  of  the  orbit  are  the  globe  and 
optic  nerve,  outgrowths  from  the  brain. 

A  distant  means  of  connection  between  the  two  orbits  is 
afforded  by  the  cavernous  sinuses  into  which  the  ophthalmic 
veins  drain,  since  they  are  joined  together  by  inter-cavernous 
sinuses ;  and  possibly  also  by  the  sympathetic  nerves  (p.  356) . 

7.   THE  PERIORBITA 

is  the  name  given  to  the  periosteal  lining  of  the  orbital 
cavity.     Like  the  periosteum  elsewhere,  with  which  it  is 
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continuous  in  many  places,  it  consists  essentially  of  a  sheet 
of  dense  fibrous  tissue  supporting  the  minute  nutrient  vessels 
of  the  bone  ;  it  is  not  of  uniform  strength  throughout,  but 
is  exceedingly  thin  where  it  lines  the  roof  and  comparatively 
thick  at  certain  other  points.  It  is  easily  detachable  from 
the  surface  of  the  bones,  and  therefore  can  be  raised  from 
them  by  sanguineous  or  pathological  effusions ;  but  it  is 
adherent  (i.)  along  the  sutures,  where  in  early  life  it  is  con- 
tinuous with  the  periosteum  covering  the  opposite  sides  of 
the  bones  ;  (ii.)  at  the  fovea  trochlearis,  where  it  binds  down 
the  trochlea  of  the  superior  oblique  muscle  ;  (iii.)  at  the 
fissures  and  foramina  through  which  it  becomes  continuous 
with  the  lining  of  the  cavities  into  which  they  lead  ;  and 
(iv.)  at  the  orbital  margin,  where  it  is  confluent  with  the 
periosteum  covering  the  bones  of  the  face  ;  here  it  is  thick- 
ened to  form  a  ridge,  the  arcus  marginale,  which  marks  the 
exact  line  of  the  orbital  margin,  and  from  which  arises  the 
septum  orbit  ale  of  the  eyelids. 

By  removing  the  surrounding  bones  piecemeal  in  a 
formalin  -  hardened  preparation,  the  whole  contents  are 
retained  in  the  periorbita  as  a  cast  of  the  orbit ;  the  trochlea 
is  left  with  the  membrane,  but  the  lacrimal  sac  requires 
severing  from  the  naso  -  lacrimal  duct ;  posteriorly  the 
continuity  of  the  periorbita  with  the  dura  mater  of  the 
cranial  cavity  is  demonstrated  (Fig.  184,  p.  364). 

Internally,  save  for  numerous  fine  loose  strands  which 
connect  it  with  the  stroma  of  the  orbital  fat,  muscle  sheaths, 
and  lacrimal  gland  (the  last  constituting  the  so-called 
ligamenta  glandulae  lacrimalis),  the  periorbita  will  be  found, 
on  removal  of  the  entire  contents  of  the  orbit  and  so  viewing 
it  from  within,  to  line  the  space  smoothly,  hiding  the  sutures, 
and  so  continually  maintaining  the  contour  of  the  medial 
wall  as  it  bridges  across  the  la'crimal  fossa  to  form  the  fascia 
lacrimalis  that  the  position  of  the  enclosed  sac  is  only 
indicated  by  the  severed  points  of  its  canaliculi  (Fig.  118, 
p.  228).  As  in  the  case  of  the  lacrimal  fossa,  the  membrane 
not  only  lines  but  roofs  over  the  infra-orbital  sulcus,  and  in 
both  these  places  its  deeper  osteogenetic  layer  may  develop 
bone  to  a  variable  degree,  giving  an  accentuated  posterior 
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lacrimal  crest  in  the  one  case  and  a  more  or  less  complete 
bony  roofing  to  the  infra-orbital  sulcus  in  the  other.  Further 
reference  is  made  to  the  lacrimal  fascia  on  p.  227. 

The  blood-vessels  of  the  periorbita "  are  derived  from 
various  branches  of  those  which  traverse  the  orbit,  and  it 
is  innervated  by  the  sympathetic  system,  possibly  through 


FIG.  37. — Frontal  section  through  the  Right  Orbit  seen  from  in  front,  showing  the 
musculus  orbitalis  or  u orbital  muscle"  of  Miiller,  M. ,  in  the  inferior  orbital 
fissure,  and  its  connection  with  the  lining  periorbita.  Natural  size. 

filaments  from  the  spheno- palatine  ganglion,  though  Gray 
(1920)  figures  a  supply  from  a  long  ciliary  nerve. 

The  periorbita  presents  a  point  of  especial  interest  in 
the  region  of  the  inferior  orbital  fissure,  where  a  mass  of 
smooth  or  involuntary  muscle  fibres  is  found  incorporated 
upon  its  superficial  aspect.  This  muscle,  described  by  H. 
Miiller  in  1858,  is  known  as  the  "  orbital  muscle  of  Miiller," 
or  musculus  orbitalis,  and  should  not  be  confused  with  the 


OSTEOLOGY  THE  PERIORBITA  83 

involuntary  palpebral  muscles  also  discovered  by  him.  The 
term  '  periorbital  muscle  '  is  suggested  as  a  better  name. 
It  completely  fills  the  inferior  orbital  fissure,  and  is  narrow, 
but  two  or  three  millimetres  deep,  in  the  centre,  and  fan- 
shaped  at  the  extremities,  where  it  spreads  in  a  thin  layer 
over  the  orbital  floor  ;  its  position  and  extent  are  indicated 
in  Fig.  26,  p.  59.  Anteriorly  it  is  continuous,  according 
to  Charpy  (1912),  with  the  orbital  expansion  of  the  inferior 
oblique  muscle,  a  relation  the  writer  has  been  unable  to 
confirm  ;  posteriorly  it  can  be  followed  beneath  the  annulus 
of  Zinn  to  the  lower  extremity  of  the  superior  orbital  fissure, 
and  even  up  to  the  wall  of  the  cavernous  sinus  ;  whilst 
inferiorly  it  is  in  contact  with  the  fat  of  the  pterygopalatine 
fossa  (Hesser,  1913).  Through  it  there  pass  only  small 
venules  and  nerves ;  some  of  its  fibres  accompany  the 
veins  out  of  the  orbit  (W.  Krauss,  1911),  and  the  inferior 
ophthalmic  vein  is  related  to  it  beneath  the  annulus  of 
Zinn  (see  Fig.  161,  p.  310).  Like  other  vestigial  structures, 
it  shows  much  variation  in  size. 

It  is  of  twofold  interest :  first,  in  that  it  represents  in 
man  the  larger  muscular  sheet  (membrana  orbitalis  muscu- 
losa)  which  completes  the  lateral  wall  of  the  orbit  in  lower 
animals  where  the  bone  is  absent.  It  exists  as  a  smooth- 
fibred  muscle  in  all  mammals  save  in  the  aquatic  group, 
where  it  is  cross-striped  as  in  amphibians,  lizards,  and  birds, 
and  where,  according  to  Groyer  (1903),  who,  like  Burkard 
(1902),  has  studied  it  from  the  point  of  view  of  comparative 
anatomy,  it  appears  to  play  an  important  role  as  an  organ 
accessory  to  the  lacrimal  apparatus.  Its  function  in  this 
respect  is  not  clear,  and  any  use  it  may  have  in  animals 
beyond  keeping  tense  the  orbital  wall  is  to  protrude  the 
eyeball,  since  Miiller  found  that  irritation  of  the  cervical 
sympathetic  nerve  causes  protrusion  of  the  globe  in  beasts 
where  the  muscle  is  well  developed,  and  in  them  it  is 
antagonised  by  a  special  "  retractor  bulbi  "  muscle.  In  man 
it  is  purely  vestigial,  and  excitation  of  the  nerve  does  not 
cause  protrusion  of  the  globe  (Turner,  1862)  ;  moreover,  a 
retractor  bulbi  muscle  is  not  developed.  The  second  point 
of  interest  is  a  pathological  one,  an  explanation  of,  the 
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exophthalmos  of  Basedow's  disease  being  sought  in  the 
relation  of  the  periorbital  muscle,  firstly,  to  the  orbital 
contents  as  a  whole,  and  secondly,  to  the  venous  system. 
It  is  hardly  possible  either  that  contraction  of  such  a  small 
muscular  mass,  for  the  most  part  deeply  confined  in  the 
inferior  orbital  fissure,  as  seen  in  the  above  figure,  and 
elsewhere  blended  with  the  closely  adherent  periorbita, 
could  affect  the  position  of  the  eyeball  by  compression  of 
the  mobile  orbital  fat  (i.e.  that  the  muscle  in  its  vestigial 
condition  could  retain  the  possible  action  of  its  full  develop- 
ment), or  that  occlusion  of  such  venules  as  traverse  the 
muscle  could  affect  the  volume  of  the  orbital  venous  system 
which  communicates  so  freely  with  the  vessels  of  the  face. 
W.  Krauss  (1912),  who  has  studied  the  muscle  in  the  new- 
born, and  Friind  (1912)  consider  both  these  explanations 
as  sufficient.  Hesser  (1913)  expressly  denies  that  an  ex- 
ophthalmos could  be  produced  by  compression  of  the  veins, 
since  only  in  exceptional  cases  did  he  find  either  the  inferior 
or  superior  ophthalmic  vein  in  a  position  to  be  so  affected, 
and  he  agrees  that  the  free  anastomoses  between  the  veins 
of  the  orbit  and  those  of  the  face  would  obviate  the  question- 
able engorgement.  It  may  be  of  interest  to  note  that  other 
explanations  of  the  condition  are  :  contraction  of  the 
peribulbar  involuntary  musculature  (Landstrom,  1908  ;  see 
p.  296),  an  orbital  oedema  (Sattler,  1911),  hypertrophy  of 
the  retro-ocular  tissue  (Basedow),  elongation  and  relaxation 
of  the  ocular  muscles  (Cooper,  Egeberg,  Lemke,  etc.);  but 
the  most  probable  cause  of  the  condition  is  dilatation  of 
the  orbital  blood-vessels  by  excitation  of  the  sympathetic 
nervous  system  (Fuchs,  1917).  The  exophthalmos  is  said 
to  disappear  after  death,  and  in  a  dissection  of  two  orbits 
taken  from  a  subject  who  had  died  from  the  disease  and 
had  presented  the  well-marked  sign,  nothing  abnormal 
could  be  found  by  the  writer. 

8.  MENSURATION 

The   dimensions   of   the  orbit  considered  here  are  the 
volume,  the  size  of  the  entrance,  the  depth  and  the  length 
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of  the  walls,  and  certain  angles ;  measurements  of  the 
smaller  features  have  been  given  in  the  text. 

Since  the  form  of  the  orbital  cavity  varies  according 
to  race,  age,  sex,  and  in  individuals,  and  since  the  exact 
points  from  which  the  dimensions  are  taken  are  neither 
identical  nor  definitely  specified  in  all  cases,  it  is  not  surpris- 
ing that  there  is  a  great  lack  of  agreement  in  the  figures 
given  by  different  authors.  In  measuring  the  orbit,  it  is  of 
primary  importance  to  fix  the  points  clearly  ;  they  should, 
as  Gayat  notes,  be  well  marked,  easily  recognisable  in 
ancient  as  well  as  in  recent  skulls,  constantly  present  at  all 
ages,  and  the  progress  of  growth  should  neither  accentuate 
some  nor  obscure  others.  It  is  to  be  remembered  also  that 
the  presence  of  the  periorbita  makes  a  considerable  difference 
in  the  measurements,  it  being  stated  that  the  depth,  for 
instance,  is  diminished  by  from  3  to  6  mm.  after  removal 
of  the  membrane  ;  further,  it  is  hardly  necessary  to  point 
out  that  great  accuracy  is  required,  since  a  difference  of 
one  millimetre  in  the  height  converts  an  orbital  index  of 
.86-3  into  88-9  or  83-7,  and  one  millimetre  difference  in  the 
width  converts  the  index  into  84-1  or  88-6,  according  as 
the  dimension  is  increased  or  decreased  by  that  amount. 

The  volume  has  been  obtained  by  filling  the  orbit  with 
lead  pellets,  by  which  means  Gayat  (1873)  found  it  to  be 
22  c.c.  in  a  child  of  ten,  and  29  c.c.,  with  extremes  of  25  and 
33,  in  eleven  adult  skulls  ;  Weiss  gives  29-74  c.c.  for  adults. 
Relative  to  the  size  of  the  whole  skull,  it  is  larger  in  females. 

The  dimensions  of  the  orbital  entrance  or  base  are  con- 
veniently obtained  by  measuring  along  threads  fixed  across 
it  ;  the  vertical  diameter  or  height  should  be  parallel  to  the 
lateral  and  medial  margins,  and  the  horizontal  diameter 
or  width  parallel  to  the  upper  and  lower  margins  ;  these 
two  lines  are  nearly  at  right  angles  to  one  another,  but, 
owing  to  the  greater  projection  of  the  supra-  and  infra- 
orbital  margins,  they  do  not  touch  where  they  cross,  but 
are  separated  by  an  "  axial  distance,"  which  varies  from  2 
to  10  mm.  (Ambialet,  1905).  The  line  of  height  at  its  upper 
extremity  falls  usually  to  the  lateral  side  of  the  supra- 
orbital  notch,  but  should  they  coincide  the  distance  is  taken 
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to  an  imaginary  line  crossing  the  edges  of  the  groove  ;  in- 
feriorly  a  point  should  be  chosen  which  avoids  the  undue 
prominence  of  an  infra-orbital  tubercle  at  the  suture.  The 
line  of  width  is  on  a  level  with  the  lateral  orbital  tubercle 
(p.  13),  so  being  opposite  the  commissure  of  the  eyelids,  and 
if  the  margin  here  presents  no  distinct  edge,  one  can  be  indi- 
cated by  drawing  the  flat  of  a  lead-pencil  down  it ;  the  point 


FIG.  38. — Right  Orbit  to  illustrate  (a)  the  difference  in  orbital  width  (2-9  mm.) 
according  as  taken  to  Flower's  lacrimal  point  (upper  horizontal  line),  or  to  the 
point  dacryon  (lower  line)  on  the  medial  side.  The  orbital  index  in  the  former 
case  is  86*3,  and  in  the  latter  80-3.  (b]  The  figure  also  indicates  the  directions 
in  which  the  primitive  circular  outline  of  the  orbital  margin  has  been  altered 
by  growth  in  the  surrounding  parts.  The  circle  is  drawn  from  a  central  point 
equidistant  from  the  supra-orbital  notch,  the  zygomatico-  frontal  and  the 
zygomatico- maxillary  sutures. 

where  it  abuts  on  the  medial  margin  is  less  easy  to  define 
owing  to  the  presence  of  the  fossa  for  the  lacrimal  sac  : 
Topinard  measured  to  the  upper  part  of  the  anterior  lacrimal 
crest,  the  width  thus  being  affected  by  the  configuration 
of  the  frontal  process  of  the  maxilla  and  the  nasal  bones 
at  the  root  of  the  nose  ;  Broca  chose  the  point  dacryon, 
where  the  upper  end  of  the  lacrimo-maxillary  suture  meets 
the  frontal  bone,  but  whilst  marking  accurately  the  centre 
of  the  orbital  margin,  it  is  often  obscured  by  fusion  of 
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the  bones.  Flower  marked  a  ( lacrimal  point  further 
back,  where  the  upper  end  of  the  posterior  lacrimal  crest 
meets  the  frontal  bone,  and  although  its  position  is  affected 
by  the  degree  of  projection  of  the  underlying  ethmoidal 
cells,  yet  this  variation  is  shared  by  the  orbital  wall  and 
gives  the  dimension  a  truer  value  as  indicative  of  the  width 
of  the  forepart  of  the  cavity.  The  exact  point  taken  is 
important,  since  a  difference  of  as  much  as  three  millimetres 
may  exist  between  the  above  three  points  in  the  horizontal 
direction  (Fig.  38),  so  affecting  the  orbital  index. 

The  height  of  the  orbital  entrance  is  approximately 
35  mm.  or  i|  inch,  and  the  width  40  mm.  or  ij  inch, 
but  precise  figures  vary  greatly — the  height  from  30  mm. 
(Arlt)  to  40  mm.  (Richet,  Luschka),  and  the  width  from  36 
to  50  mm.  as  given  by  the  same  authors.  According  to 
Baker  (1900),  the  figures  given  by  Emmert  (1880)  are  on 
the  whole  the  most  extensive,  and  were  very  carefully  taken 
in  a  series  of  skulls  free  from  abnormalities  ;  the  race, 
howrever,  is  not  noted.  His  figures  are  : 


Adult  Males 
aged  20-67. 

Adult  Females 
aged  23-67. 

Children 
aged  10-17. 

Width  in  mm. 
Height  in  mm.     . 

41-6  - 
34-o 

39-8 
33'6 

34'3 
29-2 

Other  figures  are  : 


De  Wecker. 

Arlt. 

Legrange. 

Richet. 

Weiss. 

Width  in  mm.    . 
Height  in  mm.  . 

39 
35 

36 
30 

40 
35 

40-46 
40 

39'7 
35 

The  distance  from  the  lateral  margin  of  the  one  orbit  to 
that  of  the  other  (i.e.  the  extra-orbital  width)  is  given  by 
Emmert  as  99-7  mm.,  or  4  inches,  in  males,  96  mm.  in  females, 
80-8  mm.  in  children,  and  the  inter-orbital  width  at  the 
margins  is,  according  to  Broca,  25  mm.;  diagonal  together 
with  other  measurements  are  given  in  the  table  on  p.  99. 
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At  birth  the  height  of  the  orbital  entrance  is  almost 
equal  to  the  width,  but  during  growth  the  width  predomin- 
ates, more  in  man  than  in  woman,  and,  it  is  interesting  to 
note,  more  or  less  according  to  race.  Broca  gave  this 
relation  a  mathematical  value  by  expressing  the  proportion 
of  the  orbital  height  to  the  orbital  width,  using  the  formula  : 

Orbital  height  x  100 
Orbital  width 

the  result  being  termed  the  orbital  index  ;   for  example, 
in  the  skull  illustrated  in  the  frontispiece  : 

Marginal  height  33-4  x  100 

,,       .     ,      . ,,,  -  =86-3  the  orbital  index. 

Marginal  width        38-7 

Three  classes  of  orbit  are  obtained  by  this  means  : 

Megaseme,  with  an  orbital  index  of  89  and  over ;  this  high 
numerical  value  is  remarkably  constant  in  the  yellow  races,  excepting 
the  Esquimaux,  and  the  opening  is  usually  round  (Fig.  45,  second 
skull,  p.  103). 

Mesoseme,  with  an  index  between  89  and  83,  found  in  the  white 
races,  where  Flower  gives  a  mean  figure  of  87  for  208  European  and 
88-4  for  33  English  skulls. 

Microseme,  with  an  index  of  83  and  less,  characteristic  of  the 
black  races,  where  the  opening  is  rectangular  (Fig.  39). 

Cameron  (1920)  has  devised  a  composite  "  naso-orbito- 
alveolar  index,"  according  to  which  he  divides  modern 
races  into  two  great  groups,  to  which,  broadly  speaking, 
he  applies  the  terms  Eurasiatic  and  Negro.  The  orbital 
measurement  concerned  is  the  height  from  the  level  of  the 
inferior  orbital  margin  to  the  point  nasion. 

The  vertical  height  is  proportionately  greater  in  the 
yellow  and  in  females  of  all  races.  The  orbital  index  is 
greater  in  infants  than  in  adults  of  either  sex,  and  is  higher 
in  females  than  in  males.  This  character  is  of  anthropo- 
logical interest,  and  will  be  found  fully  considered  in  the 
works  of  Topinard  (1885),  Broca  (1875),  and  Flower  (1907). 
Duckworth  (1904),  however,  concludes  that  its  range  of 
variation  is  too  great  to  render  accurate  information  in  most 
instances,  since  so  many  different  records  exist,  and  it  has  been 
accorded  quite  a  secondary  place  in  the  list  of  selected  indices. 
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Broca  states  that  the  difference  due  to  sex  alone  amounts 
to  as  much  as  31  per  cent  of  the  total  racial  variation. 

The  depth  of  the  orbit  and  the  length  of  its  walls.-  -The 
point  at  the  apex  from  which  these  dimensions  are  taken  is 
best  considered  to  lie  at  the  centre  of  the  bridge  of  bone 
which  separates  the  optic  foramen  from  the  superior  orbital 


FIG.  39. — Australian  Skull,  showing  rectangular  orbital  margin.  Orbital  height, 
27  mm.;  orbital  width  (to  Flower's  point),  39  mm.  Orbital  index,  69-2.  If 
the  width  is  taken  to  the  point  dacryon  (42  mm. ),  the  index  becomes  64«3-  The 
orbital  height  is  unusually  low.  x  £. 

fissure  ;  this  point  is  accurate  in  that  it  is  situated  in  the 
middle  of  the  annulus  of  Zinn  from  which  the  recti  muscles 
of  the  globe  arise,  and  lies  between  the  optic  nerve  and  the 
bulk  of  the  other  nerves  which  enter  the  orbit;  and  it  is 
convenient,  since  it  can  be  straddled  by  the  forked  extremity 
of  a  graduated  rod  along  which  a  cross-piece  may 'be  slid 
against  the  desired  point  on  the  margin  and  the  distance 
between  them  read  off,  as  suggested  by  Gayat.  This  is 
the  central  point  of  the  apex  or  '  apical  point '  of  the 
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orbit,  and  it  is  separated  from  its  fellow  of  the  opposite 
side  by  25  mm.  or  an  inch. 

The  orbital  depth  is  usually  measured  to  various  points 
on  the  margin,  though  actually  such  figures  give  the  length 
of  the  corresponding  walls  or  the  distance  of  the  anterior 
opening  of  the  optic  canal  from  the  margin  ;  theoretically, 
the  true  depth  is  that  of  the  long  axis  measured  to  the 
centre  of  the  axial  distance  (i.e.  to  the  mean  of  the  distance 
which  separates  the  centre  of  the  vertical  from  the  centre  of 
the  horizontal  plane  of  the  entrance),  but  practically  the 
centre  of  the  vertical  plane  or  marginal  height  is  easier  to 
define,  and,  moreover,  corresponds  to  the  normal  position 
of  the  most  prominent  part  of  the  cornea. 

The  figures  given  show  again  much  variation  :  the 
orbital  depth  is  about  40  mm.  or  ij  inch,  but  the  extremes 
in  literature  are  from  39  mm.  (Merkel)  to  50  mm.  (Richet, 
Tillaux)  ;  Emmert's  distances  of  39-8  mm.  in  males,  39-4 
mm.  in  females,  34*75  mm.  in  children  are  taken  to  the  centre 
of  the  breadth  of  the  entrance  ;  Merkel's  figure  of  39  mm. 
is  taken  to  where  the  breadth  and  height  cross  ;  Arlt  gives 
42  mm.;  Gerlach  43  mm.;  De  Wecker  and  Lagrange  40-50 
mm.;  the  depth  is  less  in  females. 

The  walls  are  longer  on  the  temporal  side  and  floor 
than  on  the  nasal  side  and  roof ;  their  lengths  from  the 
apical  point  to  the  margin  (which,  it  may  be  noted,  are 
measured  in  a  straight  line  and  do  not  follow  the  curves) 
give  also  the  distance  of  the  optic  foramen  from  the  latter. 
The  figures  which  follow  are  in  millimetres  : 

Medial  wall : 

Emmert :    41-4  in  males,  40-3  in  females,  36  in  children  (apical 

and  marginal  points  not  stated). 
Gayat  :   in  56  adult  skulls,  50-6  from  apical  point  to  anterior  tip 

of  fovea  trochlearis  and  47-4  to  crest  of  lacrimal  bone. 

Roof: 

Broca  :   50-9,  from  apical  point  to  supra-orbital  margin. 

Zanda  and  Geissler  (Gayat),  53. 

De  Wecker  (Testut),  43  from  optic  foramen  to  centre  of  margin  ; 

40-41  from  optic  foramen  to  supero-medial  angle  of  margin  ; 

43  from  optic  foramen  to  supero-lateral  angle. 
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Lateral  wall : 

Emmert :   46-4  in  males,  46  in  females,  39-4  in  children. 
Gayat  :   48*2  from  apical  point  to  zygomatico-frontal  suture. 

Floor  : 

Gayat  :  49-1  from  apical  point  to  zygomatico-maxillary  suture. 
De  Wecker  (Testut)  :  46  from  optic  foramen  to  centre  of  margin. 
Zander  and  Geissler  (Lagrange)  :  53  from  optic  foramen  to 

margin  ;    47  from  optic  foramen  to  medial  angle  ;    56  from 

optic  foramen  to  lateral  angle. 

The  dimensions  of  the  right  orbit  in  the  adult  male 
skull  shown  in  the  frontispiece,  and  used  as  type  in  Figs. 
9,  14,  38,  and  44,  are  : 

Orbital  height,  33-4  mm.  ;   orbital  width  to  lacrimal  point,  38-7  mm. 

(to  dacryon,  41-6). 
Orbital  index,  86-3. 

Lateral  wall,  47  mm.  long  ;  floor,  53  mm.  long  ;  roof,  51-5  mm.  long. 
Medial  wall,  length  to  dacryon,  39  mm.  ;  to  anterior  lacrimal  crest, 

45  mm. 

Anterior  end  of  inferior  orbital  fissure  to  orbital  margin,  16  mm. 
Anterior  end  of  superior  orbital  margin  to  orbital  margin,  29  mm. 
Inter-orbital  width  between  dacryon  on  each  side,  21  mm. 
Inter-orbital  width  between  lacrimal  point  on  each  side,  25-3  mm. 
Extra-orbital  width  between  lateral  orbital  margins,  98  mm. 

In  the  female  skull  illustrated  in  Fig.  44  the  measure- 
ments are  : 

Orbital  height,  34  mm. ;  width  to  lacrimal  point,  35-8  mm.;    orbital 

index,  94-9. 
Length  of  roof  from  apical  point,  45  mm.  ;   floor,  43-5  mm.  ;  lateral 

wall,  42  mm. 
Length  of  medial  wall  from  apical  point  to  posterior  lacrimal  crest, 

34  mm.  ;  to  the  dacryon,  36  mm. 

The  angles  to  be  described  are  those  of  (a)  the  planes 
of  the  orbital  entrances  ;  (b)  the  walls  ;  (c)  the  long  axis  of 
the  cavity* 

(a)  The  horizontal  planes  of  the  two  orbital  entrances 
form  an  angle  with  one  another,  the  summit  of  which  is 
placed  at  the  root  of  the  nose  and  the  extremities  at  each 
margin  just  below  the  lateral  angular  process  of  the  frontal 
bone.  This  "  naso-malar '  angle  is  given  by  Flower  as 
131°  in  130  Europeans,  and  is  much  more  open  in  yellow 
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races,  where  the  root  of  the  nose  is  flattened.  Weiss  gives 
about  140°,  Lagrange  i45°-i5o°.  Merkel  gives  angles  of 
i44°-6  in  children,  I46°'5  in  adult  females,  147°  in  adult 
males.  Evatt  (1907)  has  devised  a  means  of  plotting  the 
position  of  the  orbital  entrances  on  paper  by  joining  up 


ORBITAL 
Ax/5 

FIG.  40. — Linear  Reconstruction  of  Horizontal  Section  through  the  Orbits,  to  illus- 
trate the  angles  formed  by  the  •walls.  Compare  with  Figs.  15,  p.  36,  and 
130,  p.  252.  Natural  size. 

points  on  the  zygomatic  bone  just  below  the  lateral  marginal 
suture  with  the  lacrimal  points  ;    he  thus  obtains  a  ' f  basic 
angle/'  which  is  another  measure  of  their  obliquity,  and 
classifies     "  ithybasic,"     "  mesobasic,"     and     "  loxobasic  ' 
types  accordingly. 

(b)  The  angles  formed  between  the  lateral  and  medial 
walls  are  from  45°'9  to  48°-6  (Lagrange),  and  between  the 
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» 
lateral  wall  of  each  orbit,  from  87°*4  to  9O°-6  (Lagrange), 

or  89°'9  in  males,  89°'9  in  females,  87°'4  in  children  (Emmert). 
The  two  medial  walls  are  rarely  parallel  (only  in  n  cases 
out  of  100  ;  Merkel,  1901),  but  are  usually  about  3  mm. 
wider  apart  behind  (see  Fig.  130,  p.  252). 

(c)  The  long  axis  of  the  orbital  cavity  is  level  in  infants, 
but  in  adults  is  depressed  anteriorly  to  form  an  angle  of  15° 
to  20°  with  the  horizontal  plane  (Fig.  18,  p.  46).  With 
its  fellow  of  the  opposite  side  it  forms  rather  less  than  half  a 
right  angle,  or  more  precisely  an  angle,  according  to  Emmert, 
of  43°*4  in  males,  44°'7  in  females,  420<4  in  children  ;  other 
figures  given  are  4O°-6  to  44°'7  (Lagrange),  40°  (Poirier), 
46°  (Testut).  The  orbital  and  ocular  axes  therefore  do  not 
coincide,  but  differ  by  '18°  (Testut),  or  by  20°'3  to  23°'2 
(Lagrange),  or  23°  to  25°  (Druault).  The  distances  between 
the  orbital  axes  at  their  anterior  extremities  is  given  by 
Emmert  as  60  mm.  in  males,  58-3  mm.  in  females,  48  mm. 
in  children.  These  axes  and  angles  are  illustrated  in  Fig. 
40  opposite. 

As  regards  the  measurements  given  by  the  various 
authors  cited  above,  it  is  noteworthy  that,  according  to 
Adachi  (1904),  they  were  made  upon  only  20  skulls  by 
Merkel  and  Kallius,  25  by  Emmert,  100  European  by 
Weiss.  Adachi  himself,  in  a  most  careful  and  detailed 
examination  of  Japanese  orbits,  took  94  skulls  of  that  race 
and  30  European. 

% 

9.   DEVELOPMENT  AND  GROWTH 

Towards  the  end  of  the  third  week  of  foetal  life  five 
processes  arise  from  the  base  of  the  primitive  cerebral 
capsule,  and  by  the  end  of  the  second  month  they  have 
united  to  form  the  facial  part  of  the  head.  Of  these  pro- 
cesses, two  are  placed  on  each  side  and  are  called  the  maxil- 
lary and  mandibular,  whilst  the  remaining  process,  the 
nasal  (or  f ronto-nasal) ,  is  median  in  position,  and  is  com- 
posed of  symmetrical  right  and  left  halves,  each  of  which 
subdivides  later  into  lateral  and  mesial  nasal  processes. 
The  chief  structures  developed  from  the  original  five  pro- 
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cesses  are  the  nose  from  the  nasal,  the  cheek  and  upper  jaw 
from  the  maxillary,  and  the  lower  jaw  from  the  mandibular 
(see  Figs.  91,  92,  p.  184). 

The  orbital  walls  are  formed  superiorly  by  the  capsule  of 
the  fore-brain,  in  which  the  frontal  bone  is  developed,  later- 
ally and  inferiorly  by  the  maxillary  process,  in  which  the 

zygomatic  bone  and  maxilla 
(with  the  exception  of  its 
frontal  process)  arise,  and 
medially  by  the  lateral  nasal 
process,  which  gives  origin  to 
the  frontal  process  of  the 
maxilla,  nasal,  lacrimal,  and 
lateral  mass  of  the  ethmoidal 
bones.  Posteriorly  the  orbit  is 
completed  by  a  separately 
developed  part  of  the  sphen- 
oidal  bone  derived  from  the 
base  of  the  skull ;  between  the 
primitive  pre-  and  orbito- 
sphenoidal  parts  of  this  bone 
FIG  41.— Diagram  to  show  the  ap-  the  optic  nerve  enters  the 

proximate  position  and  number  of    cavitv,  and    £apS    left    On    each 

centres  of   ossification  in   the      .^  . 

bones  which  form  the  Orbit.     The    Side    OI    its    greater   Wing    IOrm 

centres  appear  between  the  sixth  the  orbital  fissures.      The  naSO- 
and  eighth  weeks   of  foetal    life,  . 
and,    except    for    the    sphenoidal,  lacnmal    Canal    IS     formed     be- 
have  fused    into    the    component  tween  th    t  pajt   Qf   th      lateral 
bones    before    birth    (6th    to    yth 
month).     In  very  rare  cases  one  nasal    prOCCSS  which    gives    rise 

mam^nTn^d*17  CGntreS  "^  ^    tO    the    fr°ntal   prOCCSS    of    the 

maxilla     and     the    maxillary 

process.  The  approximate  number  and  positions  of  the 
centres  of  ossification  are  given  in  Fig.  41  above. 

Primitively  the  orbital  boundaries  must  tend  to  be 
moulded  upon  the  optic  cup,  the  precursor  of  the  eyeball, 
since  this  is  formed  before  the  matrices  of  the  bones  are 
laid  down  ;  in  foetal  skulls  the  margin,  for  example,  is 
circular  up  to  the  age  of  six  or  seven  months.  Later  on  the 
various  adnexa  of  the  globe  cause  the  orbital  shape  to  be 
modified  in  the  regions  they  occupy  in  the  adult.  The 
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globe,  lacrimal  apparatus,  and  oblique  muscles  may  therefore 
be  considered  to  be  the  chief  internal  factors  which  determine 
the  form  of  the  orbital  cavity  ;  there  are  also  external 
influences  to  be  noted  due  to  the  growth  of  the  surrounding 
parts,  but  their  effect  is  more  marked  after  birth.  In 
agreement  with  the  precocious  development  of  the  eyeball 
the  dimensions  of  the  orbit  are  considerable  relative  to 
those  of  the  other  cavities  of  the  face,  and  seem  to  be  cor- 
related also  to  the  size  of  the  cranial  cavity  Even  so,  the 


FIG.  42. — Sagittal  section  through  the  Orbit  of  a  6-7  months'  foetus,  showing  the 
small  extent  to  which  the  walls  enclose  the  globe.  Note  the  thickness  of  the 
eyelids.  x  4. 

(The  hyaloid  artery  is  faintly  seen,  but  throws  a  well-marked  shadow  on 
to  the  retina  below. ) 

orbit  at  first  is  outpaced  in  growth  by  the  globe,  as  seen  in 
the  transverse  section  of  a  six-months'  foetal  head  in  Fig.  42, 
where  the  margin  is  closely  applied  to,  and  only  extends  as 
far  as,  the  equator  of  the  globe,  instead  of  arching  well  over 
and  standing  away  from  it  as  in  the  adult. 

At  birth  the  chief  features  to  be  noted  are  as  follows  : 
the  large  size  of  the  orbital  entrance,  its  sharp  and  strongly 
developed  margin,  and  the  close  position  of  the  infra- 
orbital  foramen  below  it.  The  infantile  margin  naturally 
conforms  to  that  of  the  primitive  form,  fitting  closely  round 
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the  globe,  and  the  development  of  the  surrounding  parts 
has  not  yet  affected  it  to  an  appreciable  extent  ;  the  circular 
outline  tends  to  be  retained,  or  to  recur,  during  early  life 
up  to  puberty,  after  which  time  the  changes  occurring  in 
the  secondary  period  of  skull  growth  affect  this  region  to  a 
much  more  marked  degree  than  the  cavity  itself.  The 
height  and  breadth  of  the  entrance  at  birth  are  almost 
equal.  The  top  of  the  nasal  aperture  bears  the  same  relation 

to  the  orbit  at  all  ages, 
but  its  lower  border 
is  nearly  on  a  level 
with  the  infra-orbital 
margin  at  birth,  and 
is  much  below  it  in 
the  adult.  The  orbit 
bears  nearly  the  same 
proportion  to  the 
cranium  at  all  ages, 
but  at  birth  the  mar- 
ginal height  is  about 
half  that  of  the  face, 
and  in  the  adult  rather 
less  than  one-third  ; 
as  the  face  grows,  the 
vertical  diameter  of 

the     orbit 


FIG.  43-  -The  Skull  at  Birth.    Note  the  broad 


ncreases 


. 

posterior  wall  of  the  fossa  for  the  lacrimal  sac      rapidly,     SO     that, 


°f    e  P°Seror  acrma     cording  to  Merkel,  at 

five  years  the  entrance 

lacks  only  two  or  three  millimetres  of  the  adult  height, 
which  it  gains  in  the  next  two  years.  The  bones  at 
birth  are  still  widely  separated,  and  the  walls  are  com- 
pleted by  membrane  ;  the  roof  is  proportionately  large, 
and  flat  or  even  convex  ;  the  medial  wall  is  low  and 
not  definitely  separate  from  the  floor,  which  is  likewise 
small  ;  the  greater  wing  of  the  sphenoidal  bone  forms  a 
relatively  larger  part  of  the  lateral  boundary  than  it  does 
in  the  adult.  The  fossa  for  the  lacrimal  gland  is  a  deep 
conical  recess,  that  for  the  lacrimal  sac  is  cylindrical,  and 
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faces  anteriorly  instead  of  laterally  owing  to  the  large 
development  of  the  posterior  lacrimal  crest.  The  long  axis 
of  the  cavity  is  horizontal,  instead  of  being  inclined  down- 
wards as  in  the  adult ;  a  frontal  section  behind  the  margin 
presents  a  long  oval  outline,  with  a  blunt  pole  directed 
super-laterally  and  a  pointed  pole  directed  infero-medially, 
whereas  in  the  adult  a  similar  section  is  circular  or  square. 

In  the  child  the  features  noticed  at  birth  are  gradually 
modified  by  the  growth  of  the  adjacent  parts.  The  orbits 
lie  between  the  bones  of  the  calvaria  and  those  of  the  face, 
as  shown  in  Fig.  2  ;  the  former  are  influenced  by  the  expan- 
sion of  the  brain,  the  latter  by  the  development  of  the  nasal 
cavity  with  its  accessory  air-sinuses  and  of  the  teeth.  Hence 
there  are  regions  of  great  developmental  activity  above, 
between,  and  below  the  orbits,  which  react  upon  their  form. 
The  margin  becomes  more  oval,  but  retains  in  early  years, 
and  always  in  the  female,  its  sharp  edge  ;  the  directions 
in  which  the  primitive  round  opening  becomes  thus  modified 
can  be  seen  in  the  frontal  plane  by  drawing  a  circle  round 
it  from  the  centre,  as  in  Fig.  38.  The  development  of  the 
bridge  of  the  nose  carries  both  margins  forward  on  their 
adjacent  sides.  That  the  shape  of  the  anterior  nasal  orifice 
has  an  influence  upon  the  contour  of  the  medial  part  of  the 
infra-orbital  margin,  and  so  is  correlated  with  the  shape  of 
the  orbital  entrance,  will  be  apparent  on  a  comparison  of 
Figs.  6  and  39  with  Fig.  44.  On  the  other  hand,  the  rect- 
angular shape  of  such  orbits  as  are  seen  in  Fig.  39  suggests 
the  compression  of  the  more  delicate  facial  bones  between 
the  calvaria  and  the  mandible  through  the  action  of  the 
muscles  of  mastication  in  the  strong- jawed  type  of  skull. 
The  growth  of  the  nasal  fossae  and  ethmoidal  cells,  together 
with  the  development  of  that  part  of  the  frontal  lobe  of 
the  brain  which  rests  upon  the  lamina  cribrosa  of  the 
ethmoidal  bone,  increases  the  width  between,  and  the  height 
of,  the  medial  orbital  walls. 

A  further  point  of  interest  is  the  determination  of  the 
period  at  which  growth  may  be  considered  to  have  ceased. 
The  practical  importance  of  this  lies  in  regard  to  the  changes 
which  may  follow  enucleation  of  the  eyeball.  The  orbit 
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conforms  to  the  law  of  adaptation  of  the  organ  to  the  function 
which  it  is  called  upon  to  fulfil,  and  if  the  globe  be  removed 
before  the  orbit  is  fully  formed,  growth  of  the  latter  is 
checked.  E.  Thomson  (1900)  found  in  experiments  upon 
rabbits  that  a  uniform  deficiency  in  orbital  size  amounting 

• 

to  10  per  cent  of  all  dimensions  followed  enucleation  of  the 
globe.  Merkel  states  that  in  early  childhood  the  changes 
occur  in  as  soon  as  ten  weeks  after  operation,  the  result 
being  that  in  the  adult  the  marginal  height  is  reduced,  the 
upper  wall  is  flattened,  and  the  lower  slightly  raised,  and 
the  cavity  is  narrowed  in  all  its  diameters,  and  more  or  less 
facial  asymmetry  is  found  according  to  the  stage  of  growth 
which  had  been  reached. 

The  full  dimensions  of  the  orbit  are  variously  stated  to  be 
attained  as  early  as  at  three  years,  or  at  from  five  to  seven, 
or  not  until  eighteen  or  twenty.  From  the  following 
measurements  of  a  series  of  skulls  from  birth  to  the  adult 
condition,  it  appears  that  at  three  years  the  dimensions 
fall  considerably  short  of  those  found  in  the  adult,  at  six 
there  is  still  a  difference,  whilst  at  twelve  certain  measure- 
ments approach  those  of  the  adult,  but  others  are  not  fully 
attained  until  puberty.  Although  the  eye,  like  the  brain 
and  the  ear,  attains  its  full  structure  and  dimensions  much 
earlier  than  the  rest  of  the  body,  one  would  expect  to  find 
that  the  full  size  of  the  orbit  is  not  reached  until  the  end  of 
the  first  and  most  active  period  of  cranial  growth,  namely, 
until  puberty. 
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The  reader  may  also  refer  to  the  various  dimensions  given 
by  Koenigstein  (1896). 

At  puberty  the  sexual  differences  become  marked,  the 
bones  in  the  male  being  stouter,  the  supra-orbital  ridges 
more  prominent,  and  the  marginal  edge,  especially  superiorly, 
more  rounded.  The  development  of  these  ridges,  and  of  the 
frontal  sinus  above  and  the  maxillary  sinus  below,  throws 
the  margin  forward  in  these  two  regions. 

In  the  aged  the  margin  is  flatter,  the  entrance  broader 
and  especially  higher  than  in  the  adult,  owing  to  atrophy 
of  the  bones,  a  factor  which  causes  also  a  loss  of  substance 
in  the  walls,  chiefly  in  the  lateral ;  the  sutures  are  obliterated. 


10.   VARIATIONS,   ASYMMETRY,  AND  DEFORMITIES 

The  chief  variations  in  the  orbit  as  a  whole  are  found 
according  to  the  sex  and  type  of  skull. 

Sexual  Differences. — In  the  female  the  bones  forming 
the  orbit,  as  elsewhere  in  the  skeleton,  show  a  greater 
delicacy  of  construction  ;  there  is  a  tendency  towards  the 
retention  of  the  early  circular  margin,  de  Wecker  finding 
perfectly  round  openings  in  female  skulls  only.  This 
opening  is  larger  relative  to  the  face,  being  broader  by  1-5 
mm.  and  higher  by  -5  or  -7  mm.,  and  the  orbital  index  is 
greater  than  in  the  male  ;  the  edge  is  sharper,  especially 
in  the  supra-orbital  region  where  the  ridges  are  less  developed 
or  even,  absent,  and  the  lateral  angular  process  is  more 
slender  and  pointed  than  in  the  male,  features  which  are 
characteristic  differences  between  the  sexes.  The  female 
orbit  is  more  elongated  and  its  cavity  relatively  larger 
(Merkel). 

In  the  male  the  margin  as  a  whole  is  more  strongly 
developed,  so  affording  greater  protection  to  the  eyeball, 
and  is  correlated  with  the  more  powerfully  developed  jaws. 
The  walls  are  longer,  the  upper  and  lower  are  more  curved 
owing  to  the  greater  prominence  of  their  margins  ;  the 
margin  is  less  flat  and  the  axial  distance  is  consequently 
longer  ;  the  absolute  depth  of  the  cavity  is  greater,  but 
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relative  to  the  size  of  the  entrance  and  length  of  the  walls  it 
is  less. 
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Type  of  Skull. — It  is  said  that  in  the  long  or  dolicho- 
cephalic skull  the  margin  is  more  circular,  the  naso-malar 
angle  and  also  the  orbital  index  less,  but  the  cavity  deeper 
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than  in  the  short  or  brachy cephalic  type,  where  the  margin 
is  oval.  The  shape  of  the  orbit  has  been  considered  to 
have  an  influence  upon  the  power  of  vision,  deep  orbits 
being  associated  with  myopic  eyes  and  shallow  ones  with 
hypermetropic,  but  this  is  denied  by  Roy  (1919).  Also 
Stilling  (1888)  stated  that  short-sightedness  was  commonly 
associated  with  a  low  orbital  entrance,  the  explanation 
suggested  being  that  in  such  microsemic  skulls  the  superior 
oblique  muscle  was  placed  at  a  lower  level  from  the  orbital 
floor  than  usual,  and  by  compressing  the  globe  caused  it 
to  become  elongated  in  an  antero-posterior  direction  with 
consequent  myopia.  His  theory  was  supported  by  Seggel 
(1890)  and  Ask  (1906),  but  disputed  by  Schmidt-Rimpler 
(1889),  who  found  nearly  the  same  orbital  index  in  myopic 
and  emmetropic  subjects,  and  Hamburger  (1904),  who 
observed  that  on  experimental  raising  of  the  intra-ocular 
pressure  by  injection  of  the  globe  in  the  cadaver  there  is 
no  furrow  caused  by  the  tendon  of  the  muscle.  Moreover, 
the  position  of  the  pulley  of  the  superior  oblique  muscle, 
that  is,  the  point  from  which  its  action  in  compressing  the 
globe  against  the  inferior  oblique  muscle  would  originate, 
does  not  appear  to  be  correlated  to  either  the  height,  shape, 
or  index  of  the  orbital  entrance  ;  indeed  the  distance 
between  the  fovea  trochlearis,  where  the  pulley  is  attached, 
and  the  site  of  origin  of  the  inferior  oblique  muscle,  both 
of  which  points  lie  in  the  same  vertical  plane  and  deep  to 
the  actual  margin,  was  found  remarkably  constant  in  30 
skulls  of  different  type  and  race,  and  much  less  variable 
(28-30  mm.)  than  the  height  of  the  orbit  either  at  the  margin 
(30-3-38-5  mm.)  or  at  the  roomiest  part  of  the  cavity  (35-43 
mm.).  This . "  inter-oblique  distance'  of  about  29  mm. 
may  be  compared  with  the  vertical  height  of  the  globe, 
23-5  mm.  (Whitnall,  1913). 

Birnbaum  (1915),  by  taking  exophthalmometric  measure- 
ments of  normal  eyes,  found  that  prominent  eyes  coincide 
with  large  and  oval  orbital  openings,  whilst  the  globes  are 
deeply  seated  when  the  openings  are  small  and  round. 

Asymmetry.- -There  is  usually  a  slight  difference  in  the 
shape  and  position  of  the  orbits  and  their  contents,  due, 
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according  to  Elliot  Smith  (1907),  to  an  unequal  development 
of  the  frontal  areas  of  the  brain.  This  inequality  is  only 
part  of  a  general  asymmetry  which  is  a  characteristic 
difference  between  man,  especially  in  the  higher  races,  and 
apes.  Ambialet  found  that  the  right  or  left  orbit  indiffer- 
ently is  displaced,  and  D wight  states  that  one  orbit  and 
cheek  are  commonly  anterior  to  the  other,  whilst  the  right 
is  usually  placed  higher.  The  margin  of  the  right  orbit  is 
said  to  be  weaker  and  sharper  than  that  of  the  left  Emmert 


FIG.  45.  — Two  Skulls,  to  illustrate  criticism  on  Stilling's  theory  of  influence  of  orbital 

height  upon  shape  of  globe.      x  about  \. 


Difference  between  marginal  orbital    heights  (31  mm.  in  first 

skull,  38  mm.  in  second) 

Difference  between  greatest  intra-marginal  heights 
Difference  between  "  inter-oblique  distances  "  (as  shown  by  line 
in  second  figure,  which  was  28  mm.  in  each  skull) 


7  mm. 
2.5  mm. 


=  o. 


found  that  the  absolute  depth  of  the  left  orbit  is  less  than 
that  of  the  right.  Tubby  (1919)  draws  attention  to  the 
asymmetrical  growth  of  the  skull,  especially  marked  in  the 
face  and  orbits,  secondary  to  congenital  torticollis,  and 
leading  to  the  condition  known  as  '  ocular  torticollis  ' 
(Stephenson,  1913)  ;  in  a  right-sided  torticollis  the  super- 
ciliary ridges  are  not  level,  and  the  right  orbital  aperture  is 
lower  and  often  smaller  than  the  left.  Also  Lowman  (1918) 
and  Lloyd  Mills  (1919)  have  written  on  the  effects  of  faulty 
skeletal  alignment  upon  the  eyes,  such  as  exophoria,  and 
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remedial  by  appropriate  orthopaedic  treatment  of  the 
primary  cause.  The  latter  writers  found,  indeed,  that  about 
three-quarters  of  fifty  eye  cases  met  with  in  regular  ortho- 
paedic practice  showed  marked  muscular  imbalance  of  the 
eyes.  The  effects  of  such  imbalance  upon  the  facial  ex- 
pression are  noted  by  Stevens  (1892). 

Deformities,  due  either  to  artificial  causes,  as  in  some 
Indian  skulls  where  compression  of  the  brain  causes  a  slight 
protrusion  of  the  apex  of  the  lateral  wall  of  the  orbit,  or 
to  pathological  processes,  may  be  found.  Of  the  latter, 
the  condition  known  as  "  tower  skull '  (Turmschadel)  or 
oxycephaly  is  interesting.  It  is  a  deformity  due  to  pre- 
mature synostosis  of  the  coronal  or  the  sagittal  suture 
following  a  meningitis,  and  of  all  cranial  malformations 
this  one  is  most  frequently  associated  with  optic  neuritis, 
due,  however,  not  to  the  intra-cranial  pressure,  but  to  the 
same  primary  affection  (Brav,  1912).  Good  descriptions 
of  the  condition  are  given  by  Dorfman  (1908),  Sharpe  (1916), 
and  Dock  (1919),  and  Swanzy  (1900)  gives  the  literature 
up  to  that  date.  Power  (1894)  published  details  of  a 
remarkable  case,  Holloway  (1915)  has  recorded  two  cases 
of  this  deformity  associated  with  exophthalmos,  divergent 
squint,  and  post-optic  neuritis,  and  instances  are  also 
reported  by  Bedell,  Lewin,  Ischreyt,  and  Goldenburg  (1918). 


PART  II 

THE  EYELIDS 

1.  THE  EYEBROWS 

THE  eyebrows  (supercilia)  are  formed  by  muscle  fibres  and 
thick  skin,  surmounted  by  strong  hairs  ;  they  are  not  facial 
but  cranial  appendages,  being  a  modified  part  of  the  hairy 
scalp,  the  continuity  with  which  is  indicated  both  structur- 
ally and  also  by  an  accentuation  of  down  or  fine  hair  on  the 
region  between  the  temple  and  the  end  of  the  eyebrow. 
Each  has  a  head,  a  body,  and  a  tail  or  lateral  extremity, 
and  in  extent  is  limited  by  the  hairs  which  it  bears  (Fig.  48). 
The  heads  are  usually  separated  by  an  "  inter-superciliary 
region  "  corresponding  to  the  glabella  (from  the  Latin  glaber, 
smooth,  hairless) .  The  exact  position  is  between  the  supra- 
orbital  ridge  and  the  orbital  margin,  but  they  are  a  little 
less  curved  than  the  latter,  and  in  abnormal  cases  lie  at  a 
higher  level.  They  overlie  the  frontal  sinuses,  and  on  a 
deeper  plane  the  second  frontal  convolutions  of  the  brain  ; 
the  tail  lies  upon  the  lateral  angular  process  and  extends  to 
the  zygomatico-frontal  suture  ;  they  are  traversed  by  the 
supra-orbital  vessels  and  nerves.  They  serve  to  divert  the 
sweat  of  the  brow  from  running  into  the  eyes,  and  also 
shade  them  from  strong  light,  and  they  add  greatly  to  the 
expression  of  the  face. 

In  each  eyebrow  four  principal  layers  can  be  identified 
in  a  mid- vertical  section.     These  are  : 

(i.)  The  skin,  intimately  united  to  a  dense  superficial  fascia. 

(ii.)  A  muscle  layer,  the  fibres  of  which  end  in  the  skin, 

(iii.)  A  cellule-adipose  layer. 

(iv.)  The  galea  aponeurotica  (epicranial  aponeurosis) . 
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So  constituted  by  the  close  union  of  these  layers,  the 
eyebrow  glides  freely  over  the  periosteum  of  the  bone, 
from  which  it  is  separated  by  a  loose  cellular  "  sub-epicranial 
tissue,"  an  arrangement  that  is  the  exact  counterpart  of 
the  scalp  proper  (Fig.  46). 

(i. )  The  skin  is  thicker  than  in  the  surrounding  regions,  and 
is  rich  in  sebaceous  and  sweat  glands  and  large  hair  follicles, 
between  which  are  numerous  striated  muscle  fibres.  The 
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FIG.  46. — The  Structure  of  the  Eyebrow  and  its  connection  with  the  Scalp. 

hairs  are  of  interest  as  being  the  first  to  develop  in  the 
embryo,  appearing  at  three  months  (Contino,  1907)  ;  gener- 
ally they  are  directed  obliquely  and  laterally,  but  those  of 
the  eyebrow  are  often  inclined  forwards  and  upwards, 
owing  to  the  action  of  the  corrugator  supercilii  muscle ; 
there  may  therefore  be  a  break  in  the  stream  of  the  hairs, 
the  more  frequent  occurrence  of  which  in  the  left  eyebrow 
(153  out  of  200)  is  ascribed  by  Kidd  (1904)  to  the  greater 
strain  placed  upon  the  left  muscle  in  our  practice  of  reading 
from  left  to  right.  The  occasional  presence  of  a  tuft  of 
longer  hairs  near  the  middle  recalls  the  tactile  hairs  or 
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'  supra-orbital  vibrissae  '  seen  in  many  mammals,  and  the 
well-marked  sensitiveness  to  touch  of  the  hairs  of  the  eye- 
brow is  doubtless  due  to  the  presence  amidst  their  roots  of 
large  sensory  bulbs,  such  as  are  present  in  lower  animals 
and  have  been  found  in  the  human  foetus  by  Friedenthal 
(Keith,  1913) .  The  hairs  are  more  numerous,  larger,  and  more 
irregularly  planted  in  males  than  in  females,  and  are  less  de- 
veloped in  northern  than  in  southern  races,  in  which  latter 
they  usually  meet  in  the  mid-line.  The  colour  is  generally  the 
same  as  that  of  the  hair  of  the  scalp,  but  may  be  lighter  in 
tint ;  it  may  differ  on  the  two  sides,  and  instances  of  piebald 
or  wholly  white  (in  albinos),  and,  indeed,  of  absence  of  the 
eyebrows  are  recorded.  The  superficial  fascia  is  composed 
of  dense  connective  tissue  containing  fat  lobules  in  its 
meshes,  and  it  intimately  unites  the  skin  to  the  muscle  layer. 
(ii.)  The  muscular  layer  is  comprised  by  three  orders  of 
fasciculi :  the  vertically  directed  fibres  of  the  frontalis,  the 
concentrically  arranged  fasciculi  of  the  orbicularis  oculi, 
and  the  obliquely  placed  corrugator  supercilii.  These  fibres 
intermingle  and  are  inseparable  at  their  insertion  into  the 
skin,  where  they  can  be  traced  through  the  dense  superficial 
fascia  to  end  between  the  sweat  glands  and  hair  follicles. 

The  Frontales  muscles  are  the  anterior  bellies  of  the 
epicranius  or  occipito-  frontalis.  This  muscular  and 
aponeurotic  sheet  covers  the  whole  cranium,  and  is  differ- 
entiated into  two  flat  posterior  bellies,  the  occipitales 
muscles,  attached  to  the  superior  curved  line  of  the  occipital 
bone  behind,  an  intervening  tendinous  portion,  the  galea 
aponeurotica,  and  two  anterior  bellies,  the  frontales  muscles. 
The  latter  have  no  bony  attachments,  but  blending  together 
at  their  medial  borders  extend  across  the  full  width  of  the 
forehead,  and  at  the  supra-orbital  margin  each  intermingles 
with  the  corresponding  orbicularis  oculi  to  be  inserted  into 
the  skin  of  the  eyebrow.  The  medial  parts  of  the  muscles 
between  the  eyebrows  appear  to  extend  downwards,  to 
gain  attachment  to  the  nasal  bones,  but  these  fibres  really 
constitute  an  independent  muscle,  the  procems  or  pyra- 
midalis  nasi,  as  shown  by  Duchenne,  who  termed  it  the 

'  muscle  of  aggression  "  ;   it  has,  moreover,  an  innervation 
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from  the  infra-orbital  branch  of  the  facial  nerve  distinct 
from  that  of  the  frontalis  (Frohse,  1895),  and  it  contracts 
synergetically  with  the  corrugator  and  orbicularis  in  the 
presence  of  strong  light. 

The  Orbicularis  Oculi  (orbicularis  palp  ebr  arum)  muscle 
is  a  nearly  circular  sheet  of  fasciculi  placed  over  each  eye, 
covering  the  eyelids  and  orbital  margin.  The  muscle  is 
described  at  length  in  connection  with  the  eyelids,  and  is 
figured  on  p.  121 ;  here  it  is  sufficient  to  note  that  it  is 
the  upper  fibres  of  the  peripheral  or  orbital  part  that  enter 
into  the  composition  of  the  eyebrow,  where  they  mingle 
with,  though  lying  mainly  superficial  to,  the  frontalis. 
Elsewhere  round  the  orbital  circumference  the  skin  can 
readily  be  dissected  from  the  orbicularis  to  display  its 
extent  and  contour,  but  in  the  eyebrow  the  blending  with 
the  frontalis  is  so  intricate  and  its  connections  with  the 
skin  so  intimate  that  neither  muscle  can  be  isolated  as  a 
definite  layer. 

The  Corrugator  Supercilii  muscle  lies  deep  to  the  above- 
mentioned  muscles  :  it  is  seen  upon  reflecting  the  whole 
eyebrow  downwards  from  the  bone  in  the  form  of  a  definite 
band  of  muscle  fibres  arising  from  the  most  medial  part 
of  the  supra-orbital  arcade,  and  running  laterally  for  2  or 
3  cms.  to  blend  with  the  overlying  orbicularis  ;  it  is  inserted 
into  the  skin  of  the  medial  half  of  the  eyebrow,  the  site  being 
marked  by  a  depression  when  the  muscle  is  contracted  (Fig. 
90,  p.  178).  Sometimes  distinguished  as  a  separate  muscle, 
the  '  depressor  of  the  head  of  the  eyebrow  '  (Arlt,  1863), 
it  is  more  generally  regarded  as  a  special  fasciculus  of  the 
orbicularis  (Henle,  Merkel,  Virchow,  Kidd),  though  its 
origin  is  quit e.  separate,  and  it  can  be  definitely  isolated  for 
most  of  its  course,  as  seen  in  the  figure  opposite. 

The  corrugator  is  differentiated  late  in  the  human 
embryo,  after  all  the  other  muscles  of  the  face  (Futamura, 
1906)  ;  it  may  be  absent,  in  which  case  the  eyebrows 
remain  level  on  lowering  the  brows  and  a  frown  does  not 
appear. 

(iii.)  The  cellulo-adipose  layer  underlies  the  muscles,  and 
facilitates  the  movement  of  the  eyebrow  over  the  orbital 
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margin  ;  it  is  fairly  loose,  and  contains  fat  in  its  meshes  ; 
it  is  abundant  in  the  lower  part  of  the  eyebrow,  where 
Charpy  (1909)  describes  it  as  forming  le  coussinet  adipeux  du 
sour  oil,  an  elongated  fatty  mass  i  cm.  high  and  5  mm.  thick, 
placed  over  the  supra-orbital  margin  and  extending  a  little 
downwards  into  the  eyelid,  but  it  does  not  always  appear 
so  definite  a  structure  as  he  describes. 


FIG.  47. — Dissection  to  expose  the  Corrugator  Supercllii  Muscle.    Left  orbit 

seen  from  the  side.  The  skin  has  been  turned  down  from  the  supra-orbital  margin 
carrying  the  muscle  with  it  ;  the  origin  of  the  muscle  from  the  bone  medial  to 
the  supra-orbital  notch  and  separate  from  the  rest  of  the  orbicularis  is  clearly 

seen.      Natural  size.      Compare  with  Fig.  90,  p.  178. 

• 

(iv.)  The  Galea  Aponeurotica  (epicranial  aponeurosis)  : 
the  aponeurotic  central  portion  of  this  structure  splits 
anteriorly  to  enclose  the  frontalis  muscle  ;  the  superficial 
layer  is  very  thin  and  passes  with  the  muscle  fibres  to  the 
skin  of  the  eyebrow,  whilst  the  deeper  and  more  definite 
layer  passes  beneath  the  muscles  and  is  firmly  attached  to 
the  supra-orbital  margin  (Fig.  46). 

These  four  layers  of  skin,  muscle,  connective  tissue,  and 
aponeurosis  then  constitute  the  eyebrow  proper,  and  their 
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close  union  is  exactly  similar  to  what  is  found  in  the  scalp 
proper,  of  which  this  region  is,  as  noted  above,  merely  a 
specialised  portion.  In  stripping  the  scalp  off  the  cranial 
vault  the  reflection  can  be  carried  forwards  to  the  supra- 
orbital  margin,  taking  the  eyebrow  with  it,  and  the  plane  of 
separation  is  in  the  "  sub-epicranial "  layer  of  delicate  con- 
nective tissue  lying  beneath  and  facilitating  movement  of 
the  scalp  over  the  periosteally  covered  bone  ;  it  is  in  this 
space  that  a  traumatic  haematoma,  suppuration,  or  emphy- 
sema of  the  frontal  sinus  extends,  and  such  sub-aponeurotic 
effusions  are  prevented  from  passing  down  into  the  eyelids 
by  the  above-mentioned  attachment  of  the  deeper  layer  of 
the  aponeurosis  to  the  supra-orbital  margin.  Charpy  (1911) 
has  also  demonstrated  by  means  of  gelatine  injections  that 
the  barrier  formed  by  the  dense  eyebrow  mass  prevents  fluids 
from  extending  upwards  from  the  eyelids  on  to  the  brow 
(Fig.  64,  p.  137). 

The  blood-vessels  of  the  superciliary  region  will  be 
described  in  detail  together  with  those  of  the  eyelids  (p. 
161)  ;  here  it  may  briefly  be  noted  that  there  are  two  chief 
arteries  in  this  region,  the  supra-orbital,  which  passes 
directly  upwards  from  the  supra-orbital  notch  about  an 
inch  from  the  mid-plane  and  lies  deep  to  the  eyebrow  against 
the  bone,  and  the  superficial  temporal,  which  runs  parallel 
with  and  on  the  temporal  side  of  the  tail  of  the  eyebrow, 
though  some  distance  from  it.  The  supra-orbital  vein  does 
not  accompany  the  artery  of  the  same  name  upwards  over  the 
brow,  but  runs  along  the  lower  border  of  the  eyebrow  and 
forms  a  marginal  arcade  (vena  marginalia],  lying  deep  to  the 
'orbicularis.  There  is,  however,  a  frontal  vein  which  passes 
directly  upwards  beneath  the  head  of  the  eyebrow  (p.  165). 

The  lymphatic  vessels  drain  chiefly  into  the  parotid^ 
nodes,  but  a  small  number  from  the  head  of  the  eyebrow 
join  those  of  the  medial  half  of  the  eyelids  and  pass  directly 
into  the  sub-maxillary  nodes  (see  p.  170) . 

The  muscles  of  the  eyebrows  are  innervated  by  the  facial 
nerve,  in  which  respect  they  present  certain  points  of 
clinical  interest  which,  together  with  their  actions,  will  be 
considered  later  (p.  179).  The  sensory  supply  to  the  skin  is 
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derived  chiefly  from  the  supra-orbital  nerve,  which  accom- 
panies the  artery  in  its  course,  and,  like  it,  would  be  severed 
by  a  deep  horizontal  incision  along  the  eyebrow.  The  head 
of  the  eyebrow  receives  filaments  from  the  external  nasal 
nerve,  the  tail  from  the  lacrimal  nerve  ;  each  part  may  have 
a  further  supply,  the  head  by  ascending  branches  of  the 
infra-orbital  nerve,  the  tail  from  the  zygomatico-temporal 
nerves  ;  all  of  these  are  sensory  branches  of  the  trigeminal 
nerve. 

2.  THE  EYELIDS 

The  eyelids  (palpebrae,  from  the  Latin  palpare,  to  stroke) 
are  two  musculo-membranous  folds  of  modified  skin  placed 
in  front  of  the  orbit,  which  they  close  ;  they  are  closely 
applied  to  the  globe  of  the  eye,  for  which  they  act  as  organs 
of  protection,  and  they  also  serve  as  barriers  to  the  orbital 
contents  between  it  and  the  orbital  margin.  It  may  be 
noted,  moreover,  that  they  fulfil  the  role  of  resting  the 
brain  from  the  rays  of  light  which  would  otherwise  create 
cortical  pictures  and  maintain  cerebral  activity ;  it  is  only 
when  the  eyelids  are  closed  that  the  visual  area  of  the 
brain  obtains  rest  (Wood  Jones).  They  are  distinguished 
as  superior  and  inferior.  The  former  is  more  extensive 
and  more  mobile  than  the  latter,  covering  the  greater 
part  of  the  anterior  surface  of  the  globe,  and  being 
provided  with  a  special  elevator  muscle.  In  each  eyelid 
there  are  to  be  noted  two  faces,  anterior  and  posterior, 
two  borders,  adherent  and  free,  and  two  extremities,  medial 
and  lateral,  uniting  to  form  two  corresponding  commissures 
(commissura  palpebrarum) .  They  are  opposed  by  their 
free  borders  or  margins,  which  limit  between  them  a  trans- 
verse opening,  the  palpebral  fissure  or  rima  palpebrarum  ; 
the  borders  of  this  opening  join  together  at  each  side  at  an 
acute  angle  to  form  the  medial  and  lateral  canthi  or  "  angles  ' 
of  the  eye  (angulus  oculi).  (It  is  preferable  to  apply  the 
term  '  canthus  '  to  the  angle  of  the  opening  between  the 
lids,  and  the  name  '  commissure  '  to  the  actual  conjoint 
ends  of  the  lids  themselves.)  They  are  modified  folds  of 
skin,  in  the  thickness  of  which  is  developed  a  thin  sheet  of 
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muscle  fibres  (the  orbicularis  oculi)  ;  the  deeper  skin  layer 
becomes  converted  into  a  mucous  membrane,  which  lines 
the  lids  and  is  reflected  on  to  the  anterior  part  of  the  globe, 
and  is  called  the  "  conjunctiva."  The  membrane  is  kept 
moist  by  the  secretion  of  the  lacrimal  gland,  which  is  an 
outgrowth  from  it,  and  excess  fluid  is  drained  away  through 
a  series  of  channels,  the  lacrimal  passages.  The  normal 
skin  elements  of  the  free  edges  of  these  folds,  that  is,  of  the 
lid  margins,  becomes  greatly  developed  for  protective  and 
sensory  purposes  ;  the  hairs  are  developed  as  cilia  or  eye- 
lashes, the  sebaceous  glands  become  huge  in  size  and  are 
called  "  tarsal  or  meibomian  glands,"  and  the  connective 
tissue  supporting  them  is  condensed  to  form  the  "  tarsal 
plates." 

The  description  of  the  eyelids  will  be  in  the  following 
order  : 

(1)  The  Surface  Anatomy, 

(2)  Structure, 

(3)  Vessels, 

(4)  Nerve-supply, 

(5)  Movements  and  Action, 

(6)  Development,  and 

(7)  Abnormalities. 

The  conjunctiva  will  be  described  in  a  separate  section, 
as  also  the  lacrimal  apparatus. 

(i)  The  Surface  Anatomy.— The  eyelids  pass  normally 
into  the  neighbouring  parts  of  the  face  without  apparent 
line  of  demarcation,  but  their  limits  are  clearly  outlined  in 
pathological  conditions  such  as  oedema,  since  the  extravasa- 
tion spreads  beneath  the  skin  in  the  loose  connective  tissue 
devoid  of  fat  which  represents  the  superficial  fascia  of  the 
lids,  whereas  in  the  surrounding  region  of  the  cheek  or  eye- 
brow the  corresponding  tissue  is  dense  and  fatty  and 
connected  to  the  periosteum  ;  thus  defined,  the  upper  lid 
extends  to  the  lower  edge  of  the  eyebrow  and  coincides 
with  the  supra-orbital  margin,  but  in  the  lower  lid  a  swelling 
can  be  seen  to  extend  beyond  the  bony  margin  as  low  as  the 
naso-jugal  and  malar  skin-folds. 
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The  form  of  the  lids  is  essentially  correlated  to  the 
volume  and  position  of  the  globe,  though  also  partly  depend- 
ent upon  the  shape  of  the  orbital  entrance.  In  infants  and 
subjects  of  delicate  skin  the  prominence  of  the  cornea  is 
observable  through  the  closed  lids.  The  margin  of  the  upper 
tarsal  plate  can  readily  be  felt  with  the  finger. 

The  colour  of  the  skin  is  generally  in  harmony  with  that 
of  the  face,  but  the  redness  of  the  cheek  does  not  extend 
beyond  the  skin-folds  noted  above  as  limiting  the  extent 
of  the  lower  lid  region,  nor  usually  above  the  level  of  the 
lateral  canthus  ;  the  lower  lid  is  generally  darker,  but  the 
tint  varies  according  to  health  and  local  conditions.  The 
'  palpebral  areola,"  which  may  be  black  or  white,  and  is  so 
noticeable  in  fatigue,  is  attributed  by  Waldeyer  to  a  reflex 
of  the  lymph  from  the  connective  tissue  spaces  beneath  the 
skin,  but  it  is  also  caused  by  venous  stasis,  the  vessels  show- 
ing up  through  the  delicate  skin  ;  it  is  usually  most  marked 
in  the  lateral  part  of  the  lower  lid  region,  where,  it  may  be 
noted,  there  are  no  cutaneous  arteries  of  any  size.  A 
permanent  darker  tint  commonly  noticeable  in  the  medial 
part  of  the  lower  lid  or  sometimes  at  the  lateral  commissure 
is  also  explained  by  venous  stasis,  but  the  migration  of 
definite  pigment  cells  (chromatophores)  to  this  region  has 
been  described  (Dor,  1899),  and  in  many  cases  there  is  no 
doubt  as  to  the  presence  of  pigment  in  the  skin  (p.  125). 

The  main  folds  or  wrinkles  of  the  skin  in  and  around  the 
eyelids  are  of  topographical  interest.  They  may  be  folds 
of  movement  or  structure.  In  each  eyelid  there  is  a  hori- 
zontally curved  "  palpebral '  or  orbito-palpebral  infold, 
distinguished  as  superior  and  inferior  according  to  the  lid, 
and  dividing  it  into  tarsal  and  orbital  areas  :  the  tarsal 
region  overlies  the  tarsal  plate  and  the  globe,  the  orbital 
is  related  to  the  space  between  the  latter  and  the  bony 
margin.  Sappey  states  that  these  folds  exactly  super- 
impose the  lines  of  reflection  of  the  conjunctiva  on  to 
the  globe  (the  "  fornices "),  but  according  to  Charpy 
thev  indicate  the  limit  between  the  smooth  and  folded 

«> 

parts  of  that  membrane.     The  superior  palpebral  fold  is  the 
deeper;   it  lies  2  or   3   mm.   above   the   highest   point   of 
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the  cutaneous  insertion  of  the  levator  palpebrae  superioris, 
the  contraction  of  which  muscle  causes  it  to  become  deeply 
recessed  ;  the  orbicularis  oculi  muscle  is  thinnest  along 
this  line.  The  skin  of  the  orbital  region  of  the  lid  above  it 
often  sags  forward  in  middle  age  when  it  has  lost  its  elasticity, 
and  forms  a  fold  ("  Deckfalte  '  or  "  pli  de  recouvrement  ' 
of  foreign  authors)  which  covers  the  tarsal  region  even  as 
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fold.  •  |8(pP^  I  Bourrelet 
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FIG.  48.- — The  Eyelids  and  Palpebral  Folds.     Natural  size. 

low  down  as  the  eyelashes  ;  it  is  most  marked  on  the  lateral 
side,  and  may  even  form  a  kind  of  lateral  epicanthus  in  old 
subjects  (ptosis  adiposa]  ;  the  fold  is  obliterated  on  drawing 
the  eyebrow  up.  In  the  medial  corner  of  this  region, 
particularly  in  the  aged  when  the  orbicularis  muscle  has 
become  weak,  there  commonly  presents  a  small  swelling, 
the  "  bourrelet  senile,"  or  "  palpebral  hernia,"  caused  by  a 
hernial  protrusion  of  the  orbital  fat  ;  such  a  swelling  can  be 
produced  or  accentuated  by  pressing  the  eyeball  backwards 
and  towards  the  nose  ;  the  lobe  of  fat  which  forms  it  is 
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shown  in  Fig.  49.     The  writer  has  seen  cases  where  the  skin 
over  the  lump  appeared  yellow  from  the  underlying  fat. 

The  volume  of  the  lacrimal  gland  has  no  influence  on 
the  configuration  of  the  lateral  part  of  the  upper  eyelid, 
behind  which  it  lies.  The  inferior  palpebral  fold  is  well 
marked  in  infancy,  but  may  be  slight  or  absent  in  the  adult. 


FIG.  49. — The  palpebral  hernia  adiposa.  Dissection  ot  Left  Orbit,  seen  from 
in  front  after  removal  of  the  skin,  orbicularis  oculi  muscle,  and  septum  orbitale  ; 
a  part  of  the  septum  (S. )  has  been  left  and  turned  up.  The  orbital  fat  (F. )  is 
seen  protruding  below  the  reflected  tendon  of  the  superior  oblique  muscle  (O. ), 
and  between  the  orbital  margin  and  the  medial  extremity  of  the  aponeurosis  (A. ) 
of  the  levator  palpebrae  superioris  muscle.  The  swelling  caused  in  life  by  this 
hernial  protrusion  of  the  orbital  fat  is  shown  in  Fig.  48.  Above  the  tendon  of 
the  superior  oblique  is  seen  a  loop  formed  by  the  terminal  part  of  the  ophthalmic 
artery.  Natural  size. 

Below  the  lower  lid  two  wrinkles  are  usually  present  on 
the  cheek  :  a  '  naso-jugal '  fold  running  downwards  and 
laterally  from  the  medial  commissure,  and  always  well 
marked,  and  a  "  malar  "  descending  from  the  opposite  side, 
but  often  ill-defined  ;  these  tend  to  become  continuous 
with  one  another,  forming  the  "  Wangenlidfurche  "  of  Arlt 
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or  "  sillon  palpebro-genien  "  of  Charpy.  They  are  not  only 
folds  of  movement,  seen  when  the  cheek  is  raised,  for 
example  as  in  laughter,  but  are  structural  in  that  they  in- 
dicate the  differentiation  between  the  loose  tissue  beneath 
the  skin  of  the  lower  lid  region  and  the  denser  fatty  super- 
ficial fascia  of  the  cheek  ;  hence  they  are  accentuated  by 
effusion  into  the  lower  lid.  They  also  become  more  marked 
in  ocular  fatigue  or  in  the  aged  when  the  orbicularis  oculi 
muscle  has  lost  its  tone.  The  naso-jugal  fold,  moreover, 
corresponds  to  a  fascial  interstice  fixed  to  the  bone  between 


FIG.  50. — Mongolian  Eye,  showing  the  epicanthus  or  Mongolian  skin-fold. 

the  orbicularis  oculi  and  angular  head  of  the  quadratus 
labii  superioris  (levator  labii  superioris  alaeque  nasi)  muscles, 
and  along  its  line  there  run  the  facial  vein  and  artery, 
while  its  upper  part  overlies  the  lacrimal  sac  (Fig.  52). 

Another  fold  is  known  as  the  ' '  epicanthus  "  or  Mongolian 
fold  ;  it  is  formed  by  the  skin  alone  of  the  medial  part  of 
the  orbital  region  of  the  upper  lid,  and  it  curves  downwards, 
covering  the  medial  canthus  (as  the  name  implies)  and 
joining  the  naso-jugal  furrow  of  the  lower  lid.  It  is 
characteristic  of  the  Mongolian  eye,  in  which  it  has  been 
recently  studied  by  Bloch  (1911),  but  is  present  in  all  races 
in  foetal  life  (Keith),  and  is  seen  in  infants,  disappearing 
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gradually  as  the  bridge  of  the  nose  develops  :  Metchnikoff 
(1874),  indeed,  considered  it  to  be  only  the  persistence  of  a 
character  peculiar  to  this  period  of  life  and  dependent  upon 
the  flatness  of  the  nasal  bones.  Duckworth  (1904),  however, 
notes  its  absence  in  negroid  races,  where  these  bones  are 
even  flatter  and  smaller  than  those  of  Mongols,  though 
Testut  states  that  it  occurs  sporadically  in  Hottentots.  It 
has  been  found  associated  with  congenital  ptosis  (Pockley, 
1919). 

Other  minor  skin-folds  will   be   found   described  in   a 
special  article  by  Charpy  (1910). 

The  palpebral  opening-  (rima  or  fissma  palpebrarum, 
rictus  oculi)  is  limited  above  and  below  by  the  free  margins 
of  the  lids,  and  at  its  ex-, 
tremities  by  their  commissures. 
When  the  eye  is  wide  open  the 
curves  of  the  margins  are  not 
symmetrical,  that  of  the  upper 
lid  being  more  pronounced 
than  the  lower,  and  its  greatest 

height  being  nearer  the  medial  FIG.  Si._ The  Paipebrai  Opening, 
angle,  whereas  that  of  the  showing  the  curves  of  the  lid 

,.  ,    .  ,  margins.     Compare  with  Fig.  48. 

lower  lid  is  nearer  the  lateral 

angle,  as  shown  in  Fig.  51  ;  the  radius  of  the  upper 
curve  is  16-5  mm.,  that  of  the  lower  22  mm.  (Merkel). 
The  long  axis  of  the  opening  is  not  quite  horizontal, 
the  lateral  extremity  being  about  4  mm.  higher  than 
the  medial ;  in  some  of  the  Mongoloid  races  an  obliquity 
of  50°  from  the  horizontal  may  be  found,  the  slope  being 
emphasised  by  the  presence  of  the  epicanthus.  The 
opening  is  about  30  mm.  long  and  15  mm.  high  in 
normal  regard,  but  is  smaller  in  females  and  rounder  in 
children,  and  larger  in  equatorial  than  in  northern  races. 
It  exposes  nearly  one-fifth  of  the  surface  of  the  globe,  and, 
it  should  be  noted,  represents  the  mouth  of  the  conjunctival 
sac.  The  lateral  angle  is  more  acute  than  the  medial,  and 
lies  in  close  contact  with  the  globe  ;  the  medial  angle  extends 
towards  the  nose,  and  is  from  5  to  7  mm.  away  from  the 
globe,  being  separated  by  the  caruncula  and  the  plica 
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semilunaris.  When  the  lids  are  closed  the  opening  becomes 
a  fissure,  which  is  not  quite  straight  but  forms  an  elongated 
and  flattened  S-shaped  curve  ;  in  relation  to  the  globe  it 
corresponds  to  the  inferior  border  of  the  cornea,  which  is 
therefore  entirely  covered  by  the  upper  lid  when  the  eye 
is  shut. 

The  free  margin  of  each  lid  is  divided  at  about  the 
junction  of  the  medial  Jth  with  the  lateral  |ths  of  its  length 
into  two  definite  parts  by  a  small  tubercle,  the  papilla 
lacrimalis,  which  presents  on  its  summit  an  orifice,  the 
punctum  lacrimale.  The  papilla  of  the  lower  lid  is  directed 
upwards  and  slightly  inwards,  and  appears  more  prominent, 
whereas  that  of  the  upper  lid  is  hidden  and  the  contour  of 
the  whole  upper  margin  is  uninterrupted  when  viewed  from 
the  front,  as  seen  in  Fig.  48  ;  the  papillae  are  best  seen  by 
e version  of  the  lid  edge.  The  medial  or  '  lacrimal '  part 
of  the  lid  margin  (so  called  from  its  containing  buried  in 
its  thickness  the  lacrimal  canaliculus)  extends  from  the 
papilla  to  the  medial  canthus,  and  is  about  5  to  8  mm.  long  ; 
its  surface  is  rounded,  smooth,  and  devoid  of  eyelashes  ; 
it  unites  with  its  fellow  of  the  opposite  lid  in  a  semi-elliptical 
curve,  so  describing  an  area,  the  lacus  lacrimalis,  the  floor 
of  which  presents  a  small  reddish  mass,  the  caruncula 
lacrimalis,  partly  lying  on  a  thin  fold  of  mucous  membrane, 
the  plica  semilunaris  conjunctivae.  The  lateral,  bulbar,  or 
"  ciliary  '  part  of  the  lid  margin  extends  from  the  papilla 
to  the  lateral  canthus  ;  it  is  thicker,  sharper  cut,  and  more 
closely  related  to  the  globe  than  the  lacrimal  part,  and  it 
bears  the  eyelashes.  Further  details  are  given  on  p.  154. 

The  deep  relations  of  the  lids  :  the  lateral  angle  of 
the  palpebral  opening. lies  10  mm.  below  the  line  of  the 
zygomatico-f rental  suture  and  from  5  to  7  mm.  distant  from 
the  orbital  margin  ;  the  medial  angle  lies  a  little  below 
the  fronto-maxillary  suture  (Fig.  8,  p.  20).  On  dissecting 
away  the  superficial  parts  of  the  lids  (orbicularis  oculi  muscle 
and  septum  orbitale),  a  view  of  the  contents  of  the  orbit  is 
obtained  such  as  is  shown  in  Fig.  54.  The  anterior  surface 
of  the  globe  is  covered  above  by  the  levator  muscle  expansion 
and  superior  tarsal  plate,  and  below  by  the  inferior  tarsal 
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plate  and  orbital  fascia  ;  the  space  between  the  globe  and 
orbital  walls  is  occupied  by  masses  of  fat,  removed  in  the 
above-mentioned  figure  to  show  the  position  of  more  im- 
portant structures.  The  expansion  of  the  levator  extends 
behind  the  whole  width  of  the  upper  lid,  the  lacrimal  gland 
lies  behind  its  lateral  quarter,  the  pulley  and  reflected  tendon 
of  the  superior  oblique  muscle  behind  its  medial  part  ;  the 
origin  of  the  inferior  oblique  is  situated  behind  the  medial 
quarter  of  the  lower  lid,  but  the  muscle  itself  recedes  deeply 
away  from  its  mid-point  ;  the  lacrimal  sac  lies  in  its  fossa 
behind  the  medial  commissure.  If  the  lids,  therefore,  be 
divided  into  quadrants  by  a  vertical  line  crossing  the  centre 
of  a  horizontal  one  drawn  between  the  commissures,  im- 
portant structures  are  found  to  lie  behind  each  quadrant, 
except  the  infero-lateral  one,  where  there  is  only  a  mass  of 
orbital  fat,  and  where  the  finger  can  be  pushed  deepest  into 
the  orbit  between  its  bony  margin  and  the  eyeball. 

(2)  The  Structure  of  the  Eyelids.- -There  may  be  dis- 
tinguished in  each  lid  four  layers  or  planes  of  tissue,  which 
are  from  before  backwards  : 

(i.)  Cutaneous. 

(ii.)  Muscular  (the  orbicularis  oculi  muscle), 
(iii.)  Fibrous  (the  tarsal  plate  and  the  septum  orbitale). 
(iv.)  Conjunctival  (the  membrane  lining  the  lids  and  reflected 
from  them  on  to  the  globe). 

f 

The  tarsal  plates  form  the  skeleton  of  the  lids  ;  at  each 
commissure  their  extremities  unite  to  form  medial  and 
lateral  palpebral  or  tarsal  ligaments,  by  means  of  which  they 
are  attached  to  the  corresponding  orbital  margins  at  about 
their  mid-points,  the  medial  ligament  splitting  to  embrace 
the  lacrimal  fossa.  The  septum  orbitale  is  a  thin  fibrous 
membrane  arising  from  the  whole  circumference  of  the 
orbital  margin  and  extending  inwards  towards  the  peripheral 
margins  of  the  tarsal  plates,  thus  completing  the  plane  of 
this  central  fibrous  layer.  The  orbicularis  oculi  sheet  of 
muscle  fibres  is  laid  over  these  two  structures.  The 
conjunctival  membrane  lines  the  deep  surface  of  the  tarsal 
plates  and  is  reflected  from  them  on  to  the  anterior  surface 
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of  the  globe,  so  uniting  the  eyelids  to  it,  and  the  fold  of 
reflection  is  called  the  fornix  conjunctivae.  Further,  the 
upper  eyelid  contains  and  is  rendered  more  complex  by 
the  insertions  of  a  special  muscle,  the  levator  palpebrae 
superioris,  which  forms  an  additional  structural  layer  inter- 
vening between  the  orbicularis  and  the  tarsal  plate  ;  it 
passes  from  within  the  orbit  over  the  summit  of  the  tarsal 
plate,  carrying  before  it  and  uniting  with  the  lower  de- 
pendent edge  of  the  septum  orbitale,  and  its  terminal  fibres 
reach  the  skin  by  traversing  the  orbicularis  muscle  ;  hence 
the  levator  cuts  the  fibrous  layer  of  the  upper  lid  in  two, 
whereas  in  the  lower  lid  the  septum  orbitale  reaches  the 
tarsal  plate.  Finally,  in  each  lid  there  is  a  thin  sheet 
of  smooth  muscle  fibres,  the  palpebral  involuntary  muscle, 
attached  to  the  margin  of  the  tarsal  plate,  and  passing 
thence  to  the  levator  muscle  in  the  upper  lid  and  towards 
the  inferior  rectus  muscle  of  the  globe  in  the  lower  lid. 

This  complex  architecture  of  the  lids  will  best  be  under- 
stood by  following  the  steps  of  a  dissection  from  the  super- 
ficial aspect,  as  represented  in  Figs.  52,  53,  54,  55.  The  skin 
can  easily  be  raised  from  the  underlying  orbicularis,  and  in 
doing  so  it  will  be  seen  that  on  the  lateral  side  and  below  the 
orbit  the  only  attachment  between  the  two  is  by  means  of 
connective-tissue  septa  which  pass  between  the  fasciculi 
of  the  muscle,  whilst  in  the  eyebrow  region  and  below  the 
medial  angle  of  the  lower  lid,  cutaneous  insertions  of  actual 
muscle  fibres  have  to  be  cut  ;  moreover,  the  skin  may  be 
found  adherent  to  the  exposed  lower  edge  of  the  medial 
palpebral  ligament  at  the  medial  commissure.  The  marked 
difference  between  its  thinness  and  delicacy  over  the  eyelids 
and  its  thickness  and  coarseness  in  the  eyebrow  and  cheek 
regions  is  appreciated  on  carrying  the  dissection  beyond 
the  limits  of  the  lids. 

The  orbicularis  can  next  be  removed  with  care  in  one 
sheet,  commencing  the  reflection  on  the  lateral  side  (see 
Fig.  58)  ;  in  the  circum-orbital  region  the  muscle  will  be 
found  connected  to  the  underlying  bony  surface  by  a  dense 
felting  of  connective  tissue  ;  over  the  septal  region  the 
reflection  is  difficult  owing  to  the  close  adherence  of  the 
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underlying  septum  orbitale,  which  is  so  closely  attached  to 
the  deep  surface  of  the  muscle  as  to  resemble  a  f ascial  lining  ; 
in  the  tarsal  part  of  the  lid  the  muscle  is  more  easily  lifted. 
Near  the  head  of  the  eyebrow  the  corrugator  supercilii 
muscle  will  require  severing  at  its  origin  from  the  bone,  and 
from  this  point  onwards  towards  and  below  the  medial 


FIG.  52.  — Dissection  of  the  Eyelids  :  first  stage.  The  skin  only  has  been  removed, 
showing  the  orbicularis  oculi  sheet  of  muscle  fibres,  which  should  be  compared 
with  Fig.  56  for  names  of  constituent  parts.  Note  the  angular  vein,  running 
in  the  cleft  between  the  orbicularis  oculi  and  the  levator  labii  superioris  alaeque 
nasi  or  caput  angulare  of  the  quadratus  muscle,  along  the  line  of  the  naso-jugal 
skin-fold.  Natural  size. 

angle  of  the  eye  a  broad  line  of  muscle  fibres  has  to  be  cut, 
marking  the  osseous  attachment  of  the  orbicularis  itself. 
In  reflecting  the  muscle  sheet  downwards  from  the  superior 
tarsal  plate  a  succession  of  fine  connective-tissue  strands 
are  severed  ;  these  are  the  terminal  fibres  of  insertion  of 
the  levator,  which  radiate  forwards  and  traverse  the  fasciculi 
of  the  orbicularis  to  reach  the  skin.  When  cut,  they  collapse 
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to  form  a  definite  layer  of  fascia,  which  has  to  be  raised 
to  expose  the  superficial  surface  of  the  tarsal  plate  (Fig.  66, 
p.  140).  On  lifting  this  fascial  layer  further  upwards,  it 
will  be  seen  to  carry  the  septum  orbitale  with  and  in  front 
of  it,  and  the  fact  is  thus  demonstrated  that  the  cutaneous 


FIG.  53. — Dissection  of  the  Eyelids  :  second  stage.  The  lateral  half  of  the 
orbicularis  oculi  has  been  turned  back  over  the  temple,  the  medial  half  is  left 
in  situ  ;  the  lateral  half  of  the  underlying  septum  orbitale  (S. )  has  likewise  been 
turned  aside,  and  the  part  left  shows  its  connection  with  the  aponeurosis  of  the 
levator  palpebrae  superioris  (L.)  ;  the  latter  has  been  split  and  uplifted  to  expose 
the  tarsal  plate  (T. ). 

insertion  of  the  levator  intervenes  between  the  septum 
and  the  upper  margin  of  the  tarsal  plate,  and  therefore  the 
two  last  are  not  continuous  with  one  another,  as  is  sometimes 
stated.  After  severing  and  lifting  the  septum  orbitale,  the 
fascial  layer  of  collapsed  levator  fibres  can  be  traced  back- 
wards, and  seen  to  arise  from  the  front  edge  of  a  glistening 
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fibrous  band  transversely  arched  across  the  orbit  over  the 

globe  ;  this  is  the  expansion  or  "  aponeurosis  "  of  the  levator, 

in  the  posterior  edge  of  which  the  muscle  fibres  end  (Fig.  65). 

It  will  further  be  noticed  that  the  upper  border  of  the 


FIG.  54. — Dissection  of  the  Eyelids  :  third  stage.  The  orbicularis  oculi  and  the 
septum  orbitale  have  been  completely  removed,  and  the  fore  edge  of  the 
aponeurosis  of  the  levator  cut  away  to  expose  the  tarsal  plate  \  the  orbital  fat 
has  been  cleared  away.  The  preparation  shows  the  supra- orbital  and  supra- 
trochlear  nerves  (compare  Fig.  8),  the  pulley  of  the  superior  oblique  muscle, 
the  anastomosis  between  the  ophthalmic  and  angular  veins,  the  inferior  oblique 
muscle  with  its  so-called  "  check  ligament"  (the  only  instance  of  this  structure 
the  writer  has  met),  and  the  lacrimal  gland  subdivided  into  its  two  parts  by 
the  lateral  horn  of  the  aponeurosis  of  the  levator. 

exposed  tarsal  plate  is  not  free,  but  is  continued  upwards 
and  backwards  into  the  recesses  of  the  orbit  above  the  globe 
by  means  of  a  pale  reddish  membrane  ;  this  is  the  superior 
palpebral  involuntary  muscle,  and  in  a  vertical  section  it 
can  be  seen  to  be  attached  posteriorly  to  the  muscular  belly 
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of  the  levator  and  to  lie  immediately  beneath  its  aponeurosis 

(Fig.  61,  p.  134).  '  ..vi 

No   further  demonstration   of  layers  is   possible  ; 
tarsal  plate  cannot  be  dissected  away  from  the  underlying 
conjunctiva,   though   the   superior   palpebral   muscle   may 
with  difficulty  be  isolated  from  it.     After  removal  of  the 


FIG.  55. — Dissection  of  the  Eyelids:  fourth  stage.  The  globe  is  exposed  by 
removal  of  the  tarsal  plates,  and  shows  below  it  "the  suspensory  ligament" 
of  Lockwood.  The  medial  palpebral  ligament  is  well  displayed  ;  also  the  two 
parts  of  the  lacrimal  gland,  and  below  it  the  retinaculum  oculi  laterale  of 

Hesser. 

• 

septum  orbit  ale,  the  orbital  fat  surrounding  the  globe  is 
exposed  behind  both  lids  ;  the  lacrimal  gland  is  seen  to  lie 
behind  the  lateral  corner  of  the  upper  lid,  and  the  pulley 
and  reflected  tendon  of  the  superior  oblique  muscle  behind 
its  medial  corner ;  the  origin  of  the  inferior  oblique  muscle 
is  seen  to  lie  behind  the  medial  half  of  the  lower  lid,  just 
wide  of  and  below  the  lacrimal  sac. 
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These  various  structures  will  now  be  considered  in  detail. 
The  skin  is  extremely  thin,  and  contains  no  fat  in  its  deeper 
layer  ;  the  hairs  are  represented  by  fine  down,  or  may  be 
so  short  as  not  to  project  beyond  the  follicles  ;  the  dermal 
papillae,  sweat  and  sebaceous  glands  are  also  less  developed 
than  elsewhere  ;  pigment  cells  are  found  in  the  stratum 


FIG.  56. — Diagram  of  Right  Orbicularis  Oculi  Muscle  to  show  the  direction  and 
insertion  of  its  main  fasciculi.     Compare  with  Fig.  52. 
O.  =  The/«r.y  orbitalis,  covering  the  orbital  margin. 
S.  =  Pre-septal  portion  I    f  h     .        paipebralis  covering  the  eyelids. 
T.  -  Pre-tarsal  portion  / 
M..—Pa.rs  malaris. 

Note  the  medial  ends  of  the  pre-tarsal  fibres  passing  behind  the  fossa  for 
the  lacrimal  sac  and  constituting  the  pars  lacrimalis  or  Homer's  muscle,  and 
the  lateral  ends  of  the  pre-septal  portion  which  interlace  over  the  qrbital  margin 
to  form  the  "lateral  palpebral  raphe."  After  Merkel,  modified. 

mucosum,  especially  near  the  medial  commissure,  and  mast 
and  plasma  cells  are  normally  present  (Parsons,  1905). 
The  skin  is  highly  elastic,  and  but  loosely  attached  by  fine 
connective-tissue  strands  to  the  underlying  muscle  ;  this 
tissue  represents  the  "  superficial  fascia  "  of  other  parts 
of  the  body,  but  differs  in  being  devoid  of  fat  (though 
Adachi  has  found  it  normally  present  in  the  eyelids  of  the 
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Japanese) ;  its  laxity  readily  allows  the  skin  to  be  pinched 
up  or  raised  by  effusions,  but  it  is  absent  at  the  commissures 
where  the  skin  is  more  adherent,  so  that  effusions  in  the  one 
lid  will  not  readily  pass  into  the  other. 

The  orbieularis  oculi  (orbicularis  palpebrarum)  muscle 
is  a  thin  sheet  of  fibres  covering  the  eyelids  and  circum- 
orbital  region  (Fig.  52)  ;  it  is  somewhat  oval  in  shape,  the 
long  axis  being  horizontally  disposed  and  corresponding 
to  the  palpebral  opening,  round  which  its  well-marked 
fasciculi  are  concentrically  arranged.  Although  it  forms 
one  continuous  sheet,  it  can  arbitrarily  be  divided  into  two 
main  portions,  an  orbital  overlying  the  orbital  margins,  and 
a  palpebral  lying  in  the  eyelids.  This  distinction,  whilst 
not  absolute  as  regards  the  attachment  of  the  fibres  or  their 
course,  is,  on  the  whole,  justifiable  on  both  anatomical  and 
physiological  grounds,  since  the  two  portions  show  im- 
portant differences  in  their  relations,  attachments,  structure, 
and  action. 

(i.)  The  orbital  portion  (pars  orbitalis)  is  much  broader 
than  the  palpebral ;  it  extends  on  to  the  regions  of  the  eye- 
brow, of  which  it  has  already  been  described  as  a  constituent, 
the  temple,  where  it  lies  over  the  anterior  part  of  the  temporal 
muscle,  and  the  cheek,  where  it  covers  the  origin  of  the  lip 
elevator  muscles  and  the  infra-orbital  and  zygomatico-facial 
nerves.  The  bony  attachment  of  the  fibres  is  to  the  medial 
orbital  margin  and  side  of  the  nose,  along  a  curved  line 
extending  from  the  supra-orbital  notch  to  the  infra-orbital 
foramen  ;  fibres  also  arise  from  the  medial  palpebral  liga- 
ment, which  interrupts  this  line  of  bony  origin  (Fig.  59). 

The  fasciculi  arising  from  the  line  above  the  ligament 
sweep  uninterruptedly  round  the  orbital  circumference, 
and  are  fixed  again  to  the  bone  below  the  ligament,  so 
forming  complete  ellipses  on  the  lateral  side  ;  in  their  course 
they  give  off  cutaneous  fibres  only  to  the  eyebrow  and 
medial  part  of  the  lower  lid,  elsewhere  being  connected  to 
the  skin  merely  by  connective  tissue.  In  the  new-born 
child  the  superficial  orbicular  fibres  are  not  interrupted 
even  on  the  medial  side,  but  pass  continuously  over  the 
ligament,  and  it  is  usual  to  find  one  broad  fasciculus  passing 
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right  over  the  ligament  in  the  adult,  as  seen  in  Fig.  52.  The 
most  outlying  fibres  above  and  below  the  orbit  have  been 
named  the  musculus  superciliaris  (Merkel,  1887)  and  the 
pars  malaris  (Henle)  respectively  (Fig.  56)  ;  a  few  of  the 
latter  fibres  pass  into  the  skin  below  the  medial  commissure, 
and  can  cause  a  fine  wrinkling  in  this  region,  but  as  a  whole 
these  aberrant  fasciculi  are  of  no  special  importance.  The 
pars  orbitalis  is  composed  of  thicker  and  coarser  fibres 
than  the  pars  palpebralis,  and  is  redder  in  colour  ;  its  action 
is  auxiliary  to  that  of  the  latter,  and  it  enters  into  play  in 
forced  closure  of  the  lids,  in  bright  light,  and  in  excessive 
accommodation  of  the  lens  of  the  eye  (p.  181). 

(ii.)  The  palpebral  portion  (pars  palpebralis)  is  the 
essential  part  of  the  muscle,  and  forms  an  integral  part  of 
the  eyelids  ;  it  is  composed  of  two  half  ellipses,  one  in  each 
lid  ;  the  fibres  arise  from  the  middle  of  the  medial  orbital 
margin  and  sweep  across  the  lids,  to  terminate  at  the  lateral 
commissure,  where  they  cross  to  form  the  "  lateral  palpebral 
raphe  '  (raphe  palpebrarum  later alis) .  This  raphe  is  formed 
purely  by  the  interlacing  of  the  muscle  fibres,  strengthened 
on  its  deep  aspect  by  the  septum  orbitale,  and  it  does  not 
represent  the  lateral  termination  of  the  tarsal  plates,  as  is 
erroneously  described  (see  p.  149).  The  pars  palpebralis 
covers  both  the  tarsal  plate  and  the  septum  orbitale,  and 
consequently  f  pre-tarsal ' '  and  ' '  pre-septal ' '  fasciculi  may 
be  distinguished  ;  the  junction  of  these  two  divisions  is 
the  thinnest  part  of  the  muscle  sheet,  and  it  coincides  with 
the  superior  and  inferior  palpebral  skin- folds. 

(a)  The  '  pre-septal '  or  more  peripheral  fasciculi  arise 
from  the  medial  palpebral  ligament,  chiefly  from  its  super- 
ficial and  partly  from  its  deep  aspect,  but  the  lower  edge  of 
the  ligament  is  usually  left  uncovered  by  muscle  fibres 
(Figs.  52,  53)  ;  they  also  arise  from  a  short  line  on  the  bone 
above  and  below  it  ;  some  of  the  fibres  which  arise  from  the 
deep  surface  of  the  ligament  have  been  described  by  Gerlach 
(1880)  as  forming  an  "  anterior  lacrimal  muscle,"  from  their 
close  relation  to  the  lacrimal  sac,  and  in  microscopical 
sections  their  connection  with  the  lacrimal  fascia  covering 
the  sac  is  well  seen  (Fig.  121,  p.  231). 


128 


THE  HUMAN  ORBIT 


EYELIDS 


(b)  The  "  pre-tarsal  "  fibres  (pars  tar  salts),  on  the  other 
hand,  as  can  well  be  seen  in  a  dissection  of  the  posterior 
aspect  of  the  lids  (Fig.  57,  and  Fig.  120,  p.  230),  form  at  the 
medial  end  of  the  latter  a  thick  muscular  mass  about  7  mm. 
broad  by  4  mm.  thick,  which  passes  with  the  deeper  part 
of  the  medial  palpebral  ligament  behind  the  lacrimal  fossa 
to  be  attached  to  the  upper  part  of  the  posterior  lacrimal 
crest ;  the  importance  and  strength  of  the  attachment  is 
shown  by  the  frequent  presence  in  the  skull  of  a  thickening 


FIG.  57. — The  Orbicularis  Oculi  Muscle  dissected  away  from  the  lateral  side  and 
swung  medially,  to  show  the  direct  continuity  of  its  pars  lacrimalis  with  the  pre- 
tarsal  or  pars  tarsalis  fibres  which  run  along  the  lid  margins.  The  relation  to 
the  upper  part  of  the  lacrimal  sac,  which  has  been  exposed  by  cutting  through 
the  lacrimal  fascia,  is  shown,  but  is  better  displayed  in  Fig.  120,  p.  230.  x  f. 

or  tubercle  at  this  point  (Fig.  59),  but  the  area  of  attachment 
often  encroaches  forwards  on  to  the  lacrimal  fascia  or 
periosteal  roof  of  the  fossa  in  which  lies  the  lacrimal  sac. 
It  is  this  well-defined  mass  of  fibres  that  has  been  described 
as  a  separate  muscle  under  various  names,  most  commonly 
as  the  "  muscle  of  Horner '  (1824),  but  chronologically 
more  correctly  as  that  of  Duverney  (1749),  who  well  named 
it  the  tensor  tarsi  muscle,  or  as  the  posterior  lacrimal  muscle, 
or  pars  lacrimalis  of  the  orbicularis.  A  few  fibres  are  short 
and  end  upon  the  tarsal  plate,  others  are  related  to  the 
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lacrimal  canaliculi,  which  are  buried  in  its  mass,  as  seen  in 
Fig.  121,  p.  231,  but  it  should  be  realised  that  the  above 
names  merely  denote  the  conjoint  medial  ends  of  two  con- 
tinuous muscular  bands  which  sweep  across  the  lids  from 
one  side  to  the  other  and  are  placed  over  the  tarsal  plates, 
hence  being  more  properly  called  the  pre-tarsal  portion  or 
pars  tarsalis  of  the  orbicularis.  Some  fibres  of  the  upper 
bundle  cross  over  to  join  those  of  the  lower,  which  latter 
in  their  entirety  form  a  specially  robust  bundle.  The 
practical  importance  of  this  part  of  the  muscle  lies  in  its 
relation  to  the  lacrimal  sac,  which  is  considered  on  p.  231, 
and  on  this  account  the  name  "  pars  lacrimalis  "  is  retained. 

Thus  the  pars  palpebralis  has  a  superficial  origin  from 
the  medial  palpebral  ligament  and  adjacent  bone,  from  which 
fibres  sweep  over  the  septal  region  of  the  lid,  and  a  deep 
origin  from  the  posterior  lacrimal  crest,  the  fibres  from 
which  pass  across  the  tarsal  plates.  Both  sets  of  fibres 
interlace  in  the  lateral  palpebral  raphel 

There  is  a  further  subdivision  of  the  orbicularis  which 
calls  for  mention  ;  this  is  a  small  fasciculus  of  extremely 
fine  fibres,  amongst  the  finest,  indeed,  of  the  whole  body, 
which  runs  close  along  the  free  margin  of  each  lid,  separated 
off  from  the  rest  of  the  muscle  by  and  lying  behind  the  follicles 
of  the  eyelashes  ;  it  is  known  as  the  marginal  part  of  the 
orbicularis  (pars  marginalis  or  pars  ciliaris)  or  ciliary  bundle 
of  Riolan,  and  a  few  of  its  fibres,  seen  in  microscopical  section 
to  lie  behind  the  openings  of  the  ducts  of  the  tarsal  glands, 
are  called  the  "  subtarsal  portion '  (Klodt,  1893,  and 
Virchow,  1908)  ;  they  are  seen  in  Figs.  77,  78,  80,  and  93. 

The  fibres  of  the  pars  palpebralis  are  paler  and  finer 
than  those  of  the  pars  orbitalis  ;  in  action  they  are  not  only 
voluntary,  but  also  involuntary  (see  p.  177). 

To  sum  up,  the  orbicularis  oculi  muscle  sheet  may  be 
subdivided  into  : 

(i.)  Pars  orbitalis,  covering  the  orbital  margin  ; 
(ii.)  Pars  palpebrarlis,  covering  the  eyelids; 

and  in  the  latter  these  can  be  differentiated  : 

Pars  septalis,  covering  the  septum  orbitale  ; 

Pars  tarsalis,  covering  the  tarsal  plates,  and  including  : 

K 
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Pars  lacrimalis  (of  Horner),  behind  the  lacrimal  fossa ; 
Pars  ciliaris,  along  the  lid  margins  ; 
Pars  subtarsalis,  behind  the  tarsal  glands. 

Considerable  variations  are  found  in  the  thickness  and 
development  of  this  muscle.  It  is  thicker  in  the  negroid 
and  yellow  races  than  in  white  (Chudzinski) .  Accessory 
fasciculi  may  be  present,  forming  connections  with  neigh- 
bouring muscles  of  the 
face,  and  it  may  even 
be  united  to  its  fellow 
of  the  opposite  side  by 
a  transversus  glabellae 
muscle  (Ruge).  There 
may  be  a  complete 
separation  of  the 
palpebral  from  the 
orbital  portion.  On 
the  other  hand,  cases 
of  absence  of  the  orbital 
or  a  rudimentary  con- 
dition of  the  palpebral 
portion  have  been 
noted.  Such  variations 
are  of  interest,  since 
they  indicate  the  de- 
velopmental origin  of 
the  orbicularis  as  a 
specialised  part  of  a 
continuous  platysmal 
sheet  of  muscle  fibres  ; 
they  are  recorded  in  detail  in  the  works  of  Macalister  (1875) 
and  Ledouble  (1897). 

The  septum  orbitale  (the  broad  ligaments  of  the  eyelids 
or  of  the  tarsal  plates ;  superior  and  inferior  palpebral 
ligaments ;  palpebral  fascia  or  tarsal  membrane ;  fascia 
tarso-orbitalis  or  orbito-palpebralis)  is  a  thin  membrane  of 
connective  and  elastic  tissue,  which  extends  from  the  entire 
orbital  margin  towards,  but  not  reaching,  the  palpebral 
opening.  Whilst  the  septum  lies  in  the  same  morphological 


FIG.  58. — The  Septum  Orbitale  exposed  by 
reflection  of  the  orbicularis  oculi,  which  has 
been  turned  medially.  Note  the  supra-orbital 
nerve  piercing  it  above,  and  the  terminal 
cutaneous  fibres  of  the  lacrimal  nerve  emerg- 
ing just  below  the  lateral  angular  process  of 
the  frontal  bone. 
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plane  as  the  tarsal  plates,  it  is  essential  to  consider  it  not  as 
a  fixed  vertically  disposed  diaphragm,  but  as  a  supple  float- 
ing membrane,  changing  its  contours  with  the  movements 
of  the  lids.  In  fact,  its  disposition  and  relations  are  best 
realised  by  regarding  it  as  the  deep  fascia  lining  the  palpebral 
part  of  the  orbicularis  oculi  muscle,  and  in  gross  dissection 
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FIG.  59. — Markings  of  Muscle  Attachments  in  and  around  the  Orbit.  The  centre 
ring  represents  the  fixation  of  the  Annulus  of  Zinn  ;  the  white  dotted  marginal 
line  indicates  the  origin  of  the  septum  orbitale. 

of  the  lids,  the  skin,  muscle,  and  septum  together  form  one 
combined  layer  covering  the  space  between  the  globe  and 
the  orbital  margin  ;  it  is  recognisable  as  a  definite  structural 
layer  only  by  careful  dissection,  but  merits  its  name  in  that 
it  can  form  a  barrier  to  the  passage  of  extravasations  from 
the  orbit  to  the  lids  and  vice  versa  (see  pp.  138,  299). 

Along  its  line  of  origin  from  the  bone  it  is  directly  con- 
tinuous with  the  periosteum,  which  is  here  thickened  and 
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raised  along  the  exact  line  of  the  orbital  margin  to  form  a 
sharply  defined  ridge,  the  "  marginal  arcade '  or  arcus 
marginale  (Charpy,  1911).  In  tracing  the  septum  round 
the  orbital  margin,  as  may  be  followed  in  Fig.  59,  it  is 
found  specially  well  marked  on  the  lateral  side  ;  it  then 
springs  from  a  periosteal  bridge  across  the  supra-orbital 
notch  (Fig.  55),  and  passes  in  front  of  the  fovea  trochlearis 
along  a  rough  line  on  the  bone  to  descend  behind  the  area 
of  attachment  of  the  pars  lacrimalis  muscle  (for  which  the 
septum  acts  as  a  thin  posterior  covering)  ;  it  then  skirts 
the  lower  border  of  the  muscle  and  crosses  the  middle  of 
the  lacrimal  fossa  to  gain  the  anterior  lacrimal  crest  and 
pass  on  to  the  inferior  orbital  margin.  The  pars  lacrimalis 
muscle  and  the  lacrimal  sac  thus  lie  outside  the  orbit,  of 
which  the  septum  exactly  defines  the  anterior  boundary. 

In  the  direction  of  the  palpebral  opening  the  attachments 
differ  in  each  lid  ;  in  the  lower  lid  the  septum  blends  with 
the  anterior  face  of  the  tarsal  plate  ;  in  the  upper  it  has 
been  seen  to  be  separated  from  the  plate  by  the  terminal 
fibres  of  the  levator  muscle  and  carried  forwards  with  them 
to  the  skin  ;  at  its  junction  with  the  levator,  however, 
some  of  its  fibres  are  reflected  backwards  towards  the 
aponeurosis  of  that  muscle,  so  that  a  smooth  concave 
barrier  is  presented  to  the  orbital  contents  above  the  globe, 
the  concavity  containing  a  well-defined  long  roll  of  fat  with 
tapering  ends  (Figs.  62,  67).  Its  dependence  as  a  curtain 
from  the  supra-orbital  margin  and  its  connection  with  the 
levator  can  be  demonstrated  by  such  a  preparation  as  is 
shown  in  the  following  figure,  where  the  bony  margin  has 
been  sawn  and  turned  aside,  carrying  the  septum  with  it. 

The  septum  presents  local  differences  in  thickness  ;  it  is 
best  developed,  like  the  marginal  arcade  from  which  it 
springs,  on  the  lateral  side,  where  it  stretches  between  the 
orbital  margin  and  the  angle  of  the  eye  and  reinforces  the 
raphe  formed  by  the  overlying  muscle  fibres  of  the  orbicu- 
laris  ;  it  is  thin  in  the  lower  lid  and  most  delicate  in  the 
medial  region  ;  it  is  perforated  by  the  vessels  and  nerves 
passing  to  or  from  the  orbital  cavity,  the  orifices  lying  along 
its  peripheral  margin  (Fig:  54). 
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The  levatop  palpebrae  superioris,  the  special  elevator 


60. — Dissection  to  show  Septum  Orbitale.  After  removal  of  the  skin  and 
orbicularis  ociili  muscle,  the  bone  forming  the  supra-orbital  margin  has  been  cut 
and  turned  down  with  the  attached  septum  orbitah  (S.O.  and  2),  exposing  the  pal- 
pebral  aponeurosis  (A.)  of  the  levator.  Above  this  is  seen  lying  the  transversely 
placed  ligament  (L. )  formed  by  its  sheath  ;  its  expansion  which  passes  forward 
to  bridge  the  supra-orbital  notch  (N. ),  and  attachment  to  the  pulley  (P. )  of  the 
superior  oblique  on  the  medial  side,  and  connections  with  the  lacrimal  gland  (G. 
and  3)  on  the  lateral  side,  are  shown.  Compare  with  Fig.  68,  p.  143. 

muscle  of  the  upper  eyelid,  lies  within  the  orbit,  and  only 
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its  terminal  part  enters  into  the  lid.     It  is  thin,  flat,  and  of 


FIG.  61. Sagittal  section  through  Upper  Eyelid  and  Globe,  to  show  connections  of 

Levator  Palpebrae  Superioris  muscle. 


X  2. 


FIG.  62. — Diagram  of  the  Levator  Palpebrae^ Superioris,  showing  its  connections. 


;  =  Aponeurosis. 
M.  =  Superior  palpebral  involuntary  muscle 
of  Miiller. 


T.  =Tarsal  plate. 
P.  =  Pre-tarsal  space. 
S.  =  Septum  orbit  ale. 


the  shape  of  an  isosceles  triangle.     It  arises  at  the  apex 
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of  the  orbit  and  passes  forwards  towards  the  base,  where 
its  fleshy  belly  terminates  in  an  expanded  tendon  called 
the  "  aponeurosis  "  ;  the  fore-edge  of  this  band  breaks  up 
into  fine  connective  tissue  fibres,  which  radiate  upwards  and 
downwards  and  are  inserted  into  the  skin  of  the  lid.  There 
are  therefore  three  parts  of  the  muscle  to  be  seen  in  a  longi- 
tudinal section  :  the  fleshy  belly,  the  aponeurosis,  and  the 
terminal  fibres  (Fig.  62) .  Moreover,  lying  in  close  contact  be- 


Supra-trochlear 
nerve 

Reflected  tendon 
of  sup.  obi. 

Sup.  oblique 
muscle 

Ophthalmic  artery 

Naso-ciliary  nerve 

Lacrimal  nerve 
Trochlear  nerve 
Frontal  nerve 


FIG.  63. — Dissection  of  Left  Orbit  from  above,  to  show  the  levator  palpebrae 
SUperioris  (L. )  and  superior  oblique  (O. )  muscles,  and  the  nerves  in  relation. 
R.  —  Superior  rectus  muscle;  G.  —  lacrimal  gland.  Compare  with  Fig.  65. 
Natural  size. 

neath  the  aponeurosis  is  a  thin  lamella  of  pale  smooth  muscle 
fibres,  which  appears  to  be  a  direct  continuation  of  the  fleshy 
belly,  but  is  inserted  directly  into  the  upper  margin  of  the 
tarsal  plate.  This  is  the  superior  palpebral  involuntary 
muscle,  and  constitutes  a  secondary  insertion  of  the  levator. 
The  levator  arises  by  a  short  narrow  tendon  from  the 
lesser  wing  of  the  sphenoidal  bone,  just  above  and  a  little 
lateral  to  the  optic  foramen  ;  it  is  separated  from  this 
orifice  by  the  origin  of  the  superior  rectus  muscle,  with  the 
tendon  of  which  it  is  blended  (Fig.  135,  p.  260)  ;  shortly 
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after  its  origin  it  is  crossed  obliquely  by  the  trochlear  or 
fourth  nerve,  which  passes  medially  to  enter  the  adjacent 
superior  oblique  muscle.  As  it  passes  forwards  the  levator 
inclines  laterally  and  lies  close  beneath  the  roof  of  the  orbit, 
the  frontal  nerve  and  the  supra-orbital  artery  lying  upon  it ; 
the  nerve  crosses  it  diagonally  from  the  lateral  border 
behind  to  the  medial  border  in  front,  and  then  divides  into 
supra-orbital  and  supra-trochlear  nerves,  and  the  vessel  lies 
over  its  anterior  half  only.  In  its  whole  course  the  levator 
lies  upon  the  superior  rectus  muscle,  but  does  not  cover  it 
entirely,  the  lateral  border  of  the  latter  being  exposed  and 
free  ;  the  medial  borders  of  the  two  muscles  coincide  and 
are  adherent  by  their  thin  fascial  sheaths  ;  they  are  also 
connected  by  means  of  the  nerve  to  the  superior  rectus, 
which  after  piercing  that  muscle  supplies  also  the- levator. 
These  relations  are  shown  in  Fig.  63.  A  bursa  is  said  by 
Motais  to  exist  between  the  two  muscles,  but  none  could 
be  found  in  the  writer's  series  of  preparations. 

The  palpebral  aponeurosis  or  expanded  tendon  of  the 
levator  is  a  glistening  white  band  of  dense  connective  tissue 
about  7  mm.  in  depth  from  before  backwards  and  0-5  mm. 
thick  ;  it  lies  just  behind  the  supra-orbital  margin,  and 
arches  over  the  globe  from  side  to  side.  Its  anterior  edge 
splits  up  into  terminal  cutaneous  fibres  ;  its  extremities 
become  narrower  but  remain  tendinous,  and  are  attached 
to  the  medial  and  lateral  orbital  margins  at  their  mid-points, 
and  may  be  distinguished  as  lateral  and  medial  "  horns." 
The  attachments  of  the  aponeurosis,  which,  it  will  be  realised, 
are  the  actual  insertions  of  the  levator,  are  therefore  both 
cutaneous  and  osseous.  The  former  are  best  studied  in 
vertical  section,  the  latter  by  dissection  from  above  ;  both 
are  seen  in  a  dissection  of  the  lids  from  the  front. 

The  cutaneous  insertion  is  into  the  skin  of  the  whole  of 
the  pre-tarsal  part  of  the  lid  by  means  of  vertically  radiating 
fibres  of  delicate  connective  tissue  ;  this  is  the  primary 
and  essential  attachment  of  the  muscle.  In  reaching  the 
skin  the  fibres  necessarily  traverse  the  horizontally  disposed 
fasciculi  of  the  orbicularis  oculi  muscle,  as  can  clearly  be 
seen  in  microscopical  sections  (Fig.  73,  p.  151).  They  sweep 
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over  the  bare  superficial  face  of  the  tarsal  plate  in  their 

downward  course,  and  it  is  the  condensation  of  these  fibres 

that  forms  the  definite  layer  of  tissue  which  has  to  be  lifted 

before  the  plate  is  exposed  in  a  methodical  dissection  of  the 

lid,  as  shown  in  Figs.  65,  66  ;  they  are  also  raised  in  splitting 

the  lid  along  the  midline  of  its  edge.     The  importance  of 

realising  this   arrangement  in   operations   on   the  lids   for 

ptosis,   trichiasis,   or  plastic   operations  is  emphasised  by 

Wolff  (1905).     The  uppermost  fibres  meet  and  fuse  with  the 

septum  orbitale  ;    the  lowermost  fibres  are  inserted  into 

the  lower  third  of  the  face  of  the 

tarsal  plate  and  mingle  with   the 

bulbs  of  the  cilia  (Fig.  62) .     It  will 

be  seen  that  the  centrally  situated 

aponeurosis  of  the  levator  with  its 

radiating  fibres  divides  the  lid  into 

two  potential  spaces,  a  "pre-tarsal" 

confined  between  the  tarsal  plate 

behind  and  the   levator  in  front, 

and  a  "  pre-septal '   which  lies  in 

front  of  the  levator  and  the  septum 

orbitale,  and  is  limited  above  by  FIG.    64.    -  Diagram    showing 

the  fatty  cushion  of  the  eyebrow 

(Fig.    62).     The    pre- tarsal    space 

contains    between    its    boundaries 

laterally  the  palpebral  lobe  of  the 

lacrimal  gland  and  terminal  branches 

(lateral  palpebral)  of  its  artery,  and 

within  its   upper   part  there  runs 

from  side  to  side  the  superior  tarsal 

arterial  arcade. 

These  spaces  can  be  injected 
in  the  fresh  subject  by  means  of 
coloured  gelatine  (Clermont,  1909 ;  Charpy,  1911)  ;  by 
using  a  small  amount  of  fluid  the  two  spaces  can  be  injected 
separately,  but  on  pushing  the  injection  further  the  masses 
become  confluent  and  the  fluid  will  next  pass  between  the 
fasciculi  of  the  orbicularis  and  lie  beneath  the  skin,  so  that 
the  whole  lid  becomes  infiltrated,  the  muscle  lying  in  the 


injection,  introduced  sub- 
cutaneously  in  front  of  the 
orbicularis  oculi,  has  pene- 
trated between  the  fasciculi 
of  this  muscle  so  that  it  be- 
comes buried  in  the  mass. 
Part  of  the  injection  in  lighter 
tint  has  transuded  beneath 
the  levator  below  and  lies  on 
the  tarsal  plate,  reaching  down 
to  the  margin  of  the  eyelid. 
The  sketch  shows  the  extent 
of  the  swelling  in  a  "black- 
eye"  or  "  poached-egg  eye." 
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middle  of  the  mass,  as  shown  in  Fig.  64.  The  injection 
will  not  readily  pass  backwards  into  the  cavity  of  the  orbit, 
owing  to  the  barrier  afforded  by  the  septum  orbitale,  which 
is  rarely  penetrated  even  by  abundant  injections,  though 
a  gradual  transudation  and  percolation  through  the  nervous 
and  vascular  orifices  of  that  membrane  can  take  place  ; 


FIG.  65. — Dissection  of  the  Left  Orbit  from  above  and  also  in  front  (the  same  pre- 
paration as  Fig.  63,  viewed  from  in  front)  to  show  the  aponeurosis  of  the  levator 
palpebrae  superioris  muscle  and  the  lacrimal  gland.  The  pulley  of  the 
superior  oblique  muscle  and  its  tendon  are  also  seen.  Natural  size. 

extension  on  to  the  temple  or  cheek  is  prevented  by  the  felt- 
ing of  connective  tissue  which  lies  between  the  orbicularis 
oculi  and  the  bone  in  these  regions.  (See  also  p.  299.) 

.  The  osseous  or  orbital  attachments  of  the  aponeurosis 
are  effected  by  means  of  its  medial  and  lateral  horns  to  the 
corresponding  orbital  margins  at  their  mid-points  and 
opposite  the  commissures  of  the  eyelids.  The  lateral  horn 
is  much  more  strongly  developed,  and  in  the  form  of  a 
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conspicuous  ligament,  3-4  mm.  broad,  cuts  into  and  sub- 
divides the  lacrimal  gland,  which  is,  as  it  were,  folded 
round  it  (Fig.  65,  and  see  also  Fig.  105,  p.  206)  ;  below  the 
gland  the  lateral  horn  is  inserted  into  the  orbital  tubercle  of 
the  zygomatic  bone,  covering  the  insertion  of  the  true  lateral 
ligament  of  the  tarsal  plates  (just  as  the  terminal  cutaneous 
fibres  of  the  aponeurosis  pass  in  front  of  the  plate)  ;  it  is  not 
uncommon  to  find  a  slender  continuation  of  the  horn  passing 
downwards  round  the  lateral  angle  of  the  eye  into  the  lower 
lid,  where  it  joins  the  fascia  beneath  the  globe,  as  is. seen  in 
Figs.  49  and  53.  On  the  medial  side  the  aponeurosis  loses 
abruptly  its  tendinous  nature  as  it  passes  over  and  comes 
into  close  contact  with  the  reflected  tendon  of  the  superior 
oblique  muscle ;  the  opposed  surfaces  are  smooth  and 
shining,  but  no  definite  bursal  formation  can  be  identified. 
From  this  point  the  medial  horn  turns  downwards  at  an 
angle,  and  can  be  traced  only  with  difficulty  in  the  form  of 
loose  strands  to  fuse  with  the  medial  palpebral  ligament, 
and  so  reach  the  bone.  Thus  from  the  greater  strength  and 
more  definite  development  of  the  lateral  horn,  and  the  fact 
that  the  fleshy  fibres  of  the  muscle  curve  laterally  and  extend 
further  forwards  in  that  direction,  whilst  the  medial  border 
of  the  muscle  is  parallel  to  the  mesial  plane,  the  main  osseous 
insertion  is  the  lateral  one  into  the  orbital  tubercle.  Re- 
traction of  the  muscle  is  consequently  more  restrained  on 
this  side,  and  the  greater  excursion  of  movement  on  the 
other  may  explain  the  accentuation  of  the  marginal  curve 
of  the  upper  lid  in  its  medial  part  noted  above  on  p.  117. 

The  PALPEBRAL  INVOLUNTARY  MUSCLES  or  "  tarsal 
muscles"  (musculi  palp  ebr  ales,  or  tar  sales  of  Merkel,  or  orbito- 
palpebral  muscles  of  Sappey)  were  first  described  by  Miiller 
in  1859  ;  they  are  not  to  be  confused  with  the  involuntary 
'  orbitalis '  muscle,  also  described  by  him,  which  lies 
in  the  inferior  orbital  fissure  and  is  connected  with  the 
penorbita  (p.  82).  They  are  found  in  each  lid  in  varying 
degrees  of  development,  but  usually  form  a  thin  sheet  of 
pale  red  fibres  connected  with  the  peripheral  margin  of  the 
tarsal  plate  and  lying  in  front  of  the  conjunctiva.  That  in  the 
upper  lid,  namely  the  superior  palpebral  involuntary  muscle, 
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is  the  better  developed  structure,  and  is  about  i  cm.  broad 
antero-posteriorly  ;  its  position  immediately  beneath  the 
aponeurosis  of  the  levator  has  already  been  noted,  but  so 
closely  does  it  lie  in  contact  with  it  that  it  may  not  be 
recognised  as  a  distinct  structure,  though  the  two  can  be 
easily  separated  and  their  several  connections  made  out  in 
a  vertical  section.  The  fibres  arise  from  between  the  striated 
fibres  of  the  levator  by  elastic  tendons,  and  have  a  similar 
mode  of  fixation  to  the  upper  margin  of  the  tarsal  plate, 

a  connection  to  be  seen  in 
such  a  microscopical  section 
as  is  shown  in  Fig.  74, 
p.  151,  and  well  displayed 
in  Fig.  66,  in  which  the 
levator  fibres  have  been 
turned  upwards  to  expose 
the  tarsal  plate.  For  the 
most  part  the  fibres  run  in 
a  vertical  direction,  and 
are  mingled  with  connect- 
ive tissue  and  fat  cells ; 
groups  of  nerve  cells  analo- 
gous to  ganglion  cells  are 
also  present  (Groyer,  1905). 
In  the  lower  lid  the  inferior 
palpebral  muscle  is  a  much 
less  definite  structure  and 
is  not  easily  recognisable  by  dissection,  though  the  fibres 
can  be  traced  microscopically.  It  arises  from  the  fascial 
sheath  of  the  inferior  rectus  muscle  or  from  the  expansion 
which  this  sheath  gives  to  the  inferior  oblique,  and  it 
divides  into  two  lamellae  at  the  conjunctival  fornix,  one 
of  which  ends  in  the  bulbar  conjunctiva,  whilst  the  other 
enters  the  lower  lid,  where  it  does  not  reach  as  far  as  the 
tarsal  plate  (Virchow,  1908),  as  represented  in  Fig.  67. 

The  morphology  of  this  palpebral  involuntary  muscula- 
ture is  interesting.  In  the  aquatic  mammals,  as  for 
example  the  seal  and  the  dolphin,  each  of  the  four  recti 
muscles  of  the  globe  divides  anteriorly  into  two  lamellae, 


FIG.  66. — Dissection  of  Right  Orbit  and 
Eyelid  from  in  front.  The  aponeurosis 
of  the  levator  palpebrae  superior  is 
muscle  (A. )  has  been  reflected  up- 
wards from  the  face  of  the  tarsal 
plate  (T. ),  to  the  upper  margin  of 
which  is  attached  the  superior  pal- 
pebral involuntary  muscle  (M. ). 
x  about  i. 
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one  of  which,  the  inner,  is  inserted  onto  the  globe  and  so 
constitutes  the  rectus  proper,  whilst  the  other,  the  outer, 
enters  the  eyelid  as  a  ' '  palpebral  muscle  ' '  ;  both  lamellae 
are  composed  of  striated  muscle  fibres,  and  both  receive  the 
same  innervation.  In  other  mammals  the  outer  palpebral 
lamellae  derived  from  the  inferior  medial  and  lateral  recti 
are  wholly  replaced  by  smooth  muscle  fibres,  and  in  man 
are  represented  by  the  inferior  palpebral  muscle  and  also 
by  the  scattered  involuntary  fibres  found  in  the  lateral 
expansions  of  the  sheaths  of  the  last  two  muscles,  fibres 
which  are  sometimes  dignified  by  the  name  of  medial  and 
lateral  "  palpebral  muscles."  In  consequence  of  the  greater 
development  of  the  upper  lid,  the  outer  or  palpebral  lamella 
derived  from  the  superior  rectus  remains  almost  entirely 
striated  and  forms  the  levator  muscle,  but  a  deeper  part  of 
the  same  palpebral  lamella,  in  harmony  with  the  fate  of  the 
whole  of  the  corresponding  layer  of  the  other  muscles, 
becomes  converted  into  smooth  fibres,  and  is  called  the 
'  superior  palpebral  muscle  "  (Groyer,  1903,  1905,  and  1906). 
This  involuntary  musculature  as  a  whole  forms  an  incom- 
plete ring  around  the  globe,  and  is  intimately  connected 
with  the  fascia  around  that  organ  (Tenon's  capsule),  under 
which  heading  further  reference  will  be  made  to  it  (p.  296). 
It  is  innervated  by  the  sympathetic  nervous  system,  possibly 
by  fibres  from  the  cavernous  plexus,  which  enter  the  third 
nerve  and  run  along  its  branch  of  supply  to  the  levator. 
Here  the  superior  palpebral  muscle  calls  for  notice,  since  it 
indirectly  forms  one  of  the  insertions  of  the  levator  palpebrae 
superioris. 

There  remains  a  last  so-called  insertion  of  the  muscle 
to  be  described ;  this  is  the  conjunctival  attachment, 
which  is  effected  not  by  the  muscle  itself,  but  through  the 
agency  of  its  FASCIAL  SHEATH.  As  is  the  case  in  all  the  ocular 
muscles,  the  fascial  sheath  of  the  levator  is  so  thin  and 
transparent  around  its  posterior  half  that  the  fleshy  fibres 
appear  quite  devoid  of  covering  ;  anteriorly,  however,  the 
fascia  becomes  gradually  thicker,  until  just  behind  the 
aponeurosis  the  whole  muscle  is  enveloped  in  a  thick  opaque 
sheath,  which  fuses  underneath  with  the  similar  covering  of 
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the  superior  rectus  ;  the  common  mass  of  tissue  so  formed 
fills  up  the  angle  of  divergence  between  the  two  muscles  as 
they  pass  to  their  several  insertions,  the  one  on  to  the  lid, 


FIG.  67. — Scheme  of  the  Fascia  of  the  Orbit  (the  muscle  sheaths  and  Tenon's 
capsule)  in  sagittal  section.      Compare  with  dissection  shown  in  Fig.  61. 

S.O.  =  Septum  orbitale. 

F.  =  Conjoint  fascial  sheaths  of  the  levator  and  superior  rectus. 

S.  =  Muscle  sheaths. 

T.  =  Tenon's  capsule. 

L.  =  Thickened  part  of  sheath  of  levator. 
I.O.  =  Inferior  oblique  with  the  "  suspensory  ligament  "  of  Lockwood  posterior  to  it. 

the  other  to  the  globe.  Anteriorly  this  mass  abuts  on  and 
is  fixed  to  the  conjunctiva  along  the  line  of  its  reflection 
from  the  lid  on  to  the  globe  (superior  fornix),  and  though  no 
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muscle  fibres  pass  into  it  from  the  levator,  the  attachment  is 
described  as  an  additional  insertion  of  that  muscle  (see 
Figs.  61,  67).  It  is  by  means  of  this  fascial  attachment 
that  the  conjunctiva  is  drawn  up  and  backwards  when  the 
globe  is  rotated  upwards,  and  harmoniously  with  it  the 
upper  eyelid  is  elevated ;  it  would  be  as  accurate  to 
describe  it  as  being  an  additional  "  insertion '  of  the 
superior  rectus  muscle. 

A  further  point  of  interest  is  presented  by  this  sheath 
of  the  levator :  its 
superficial  part  cover- 
ing the  upper  aspect 
of  the  muscle  just  be- 
hind the  aponeurosis 
is  condensed  to  form 
a  definite  ligamentous 
band,  which  stretches 
transversely  across  to 
reach  the  orbital  walls 
on  either  side,  parallel 
with  but  attached  at 

,  .    i  -I          -,      ,-,  FIG.    68. --Dissection    of    the    Levator    Palpebrae 

a     nigner      level  Superioris    from    above    in    right    orbit.      The 


APONEUROSIS 
'SHEATH 
'--LEVATOR. 


the  aponeurosis ; 
medially  the  main 
connection  is  to  the 
trochlea,  but  behind 
this  some  fibres  pass 
to  the  bone,  and  a 


Sup, 

muscle  is  shown  drawn  backwards  and  down- 
wards to  make  tense  the  transverse  ligament 
formed  by  its  sheath.  The  lateral  attachments 
of  this  ligament  are  seen  :  on  the  medial  side 
to  the  bone  below  the  superior  oblique  muscle, 
to  its  pulley,  and  by  a  thin  slip  of  fascia  to  the 
margins  of  the  supra-orbital  notch  ;  on  the 
lateral  side  to  the  stroma  of  the  lacrimal  gland 
and  also  by  direct  insertion  to  the  bone. 

well-marked      slip 

passes  forwards  to  bridge  the  supra-orbital  notch ; 
laterally  the  band  is  connected  with  the  stroma  of  the 
lacrimal  gland  and  cuts  into  it,  as  does  the  lateral  horn 
of  the  aponeurosis,  and  beyond  the  gland  it  reaches  the 
lateral  orbital  margin  ;  it  lies  for  the  most  part  free  above 
the  aponeurosis,  but  stout  strands  of  connective  tissue  may 
unite  them  (Figs.  60,  61,  68).  In  front  of  this  ligamentous 
condensation  the  sheath  becomes  abruptly  so  thin  that 
it  appears  to  end  in  a  free  border,  but  it  can  be  traced 
forwards  as  a  very  delicate  layer  up  to  the  supra-orbital 
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border  (see  Fig.  67).  The  band  is  well  developed  in  the 
foetus.  When  traction  is  made  upon  the  levator  from 
behind  this  band  becomes  tense  and  thus  forms  a  "  check 

» 

ligament '  to  the  muscle,  preventing  its  overaction,  a 
function  it  can  perform  by  reason  of  its  situation  and 
attachments  better  than  the  aponeurosis  (the  horns  of 
which  are  fixed  at  a  lower  level),  which  is  generally  con- 
sidered to  act  in  that  capacity  (Whitnall,  1910).  The 
action  of  the  levator  is  therefore  checked  by  the  attachments 
of  its  fascial  sheath,  as  is  the  case  in  all  the  other  ocular 
muscles. 

To  recapitulate  :  the  anterior  attachments  of  the  levator 
palpebrae  superioris  muscle  are  as  follows  : 

Primary. — (i.)  Cutaneous,  by  means  of  its  terminal 
fibres  to  the  skin  of  the  eyelid  ;  (ii.)  Tarsal,  by  means  of 
(a)  some  of  its  terminal  fibres,  (b)  the  superior  palpebral 
involuntary  muscle. 

Secondary. — (iii.)  Osseous,  by  the  horns  of  its  aponeu- 
rosis ;  (iv.)  Conjunct! val,  by  means  of  its  fascial  sheath  fused 
with  that  of  the  superior  rectus  muscle. 

Three  ABNORMALITIES  of  the  levator  have  been  described: 

(i.)  The  commonest  variation  is  a  slip  passing  from  the 
medial  border  of  the  muscle  to  the  pulley  of  the  superior 
oblique  muscle.  Such  a  fasciculus  was  described  by  Budge 
(1859)  as  the  musculus  tensor  trochleae,  and  appears  to  be 
identical  with  muscles  described  by  Vesalius,  Molinette, 
Kolmus,  and  Sandifort,  the  comes  oblique  superioris  of 
Albinus,  and  the  gracillimus  orbitis  of  Bochdalek.  Budge 
found  it  present  in  fifteen  out  of  twenty  cases  examined,  but 
Virchow  considers  it  much  more  rare,  as  indeed  it  was  in 
the  writer's  observations  ;  an  instance  is  recorded  by  Rush 
and  Schaeffer  (1917).  (See  also  p.  284.) 

(ii.)  Similar  fasciculi  may  be  present  passing  from  the 
lateral  border  of  the  muscle  to  the  lacrimal  gland.  Such 
strands  could  have  a  much  more  effective  action  as  a  retractor 
glandulae  lacrimalis  than  could  the  medial  offshoots  as  a 
tensor  trochleae,  since  the  gland  is  movable,  whilst  the 
trochlea  is  fixed.  In  the  example  figured  below  traction 
on  the  levator  pulled  the  gland  backwards,  owing  to  the 
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attachment  of  these  fasciculi.  Both  these  offshoots  replace 
normal  connections  of  the  fascial  sheath  of  the  levator  to 
the  trochlea  and  lacrimal  gland. 

(iii.)  As  a  musculus  transversus  orbitis  Bochdalek  (1868) 
described  certain  fleshy  bundles  passing  from  the  fore  and 
upper  part  of  the  os  planum  of  the  ethmoidal  bone  across 
the  orbit  to  the  lateral  wall,  passing  over  but  closely  con- 


FIG.  69.— Sketch  of  abnormal  Le/ator  Palpebrae  Superioris  Muscle,  seen  in  left 
orbit  after  removal  of  roof.  A  transversus  orbitis  muscle  is  represented  by  the 
transversely  disposed  fasciculus  ;  a  tensor  trochleae  muscle  is  seen  passing  to  the 
trochlea  from  the  medial  edge  of  the  levator,  and  on  the  lateral  side  fasciculi 
pass  to  the  lacrimal  gland. 

nected  to  the  levator,  and  giving  off  various  attachments 
to  neighbouring  fascia.  Macalister  and  Ledouble  consider 
it  to  be  a  backwardly  displaced  slip  of  the  orbicularis  oculi. 
Perna  (1905)  also  described  such  a  muscle  slip,  and  considered 
it,  like  the  levator  itself,  to  represent  the  remains  of  the 
primitive  muscular  membrane  which  surrounds  the  globe 
in  lower  vertebrates.  An  instance  of  its  occurrence  in  both 
orbits  has  recently  been  reported  by  Hueber  (1918). 

The  specimen  drawn  in  Fig.  69  is  interesting,  in  that 
it    presents    all    three  of    the   above  abnormalities      It  is 
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suggested  that  the  musculus  tmnsversus  orbitis  is  normally 
represented  by  the  transversely  disposed  check  ligament 
formed  by  the  superficial  part  of  the  levator  muscle  sheath, 
which  was  not  present  in  this  case  (Whitnall,  1921).  From 
the  occasional  persistence  of  such  variations  the  levator  is 
evidently  derived  from  a  much  more  extensive  muscle 
sheet,  and  probably  corresponds  to  the  palpebralis  muscle  of 
lower  animals  (see  above,  p.  141).  Wiedersheim  (1895) 
places  it  in  the  list  of  organs  showing  retrogressive  char- 


FIG.  70.  — Dissection  of  the  Tarsal  Plates  and  the  Lateral  and  Medial  Palpebral  or 
Tarsal  Ligaments.  Note  the  relation  of  the  latter  to  the  upper  part  of  the 
lacrinial  sac.  Natural  size. 

acters,  modified,   but  still  performing  clearly  recognisable 
functions. 

The  tarsal  plates  (tarsus  superior  vel  inferior,  tarsal 
cartilages  ;  Greek,  rapo-os,  a  flat  plate  or  surface)  are  two 
plates  of  dense  connective  tissue  situated  one  in  each  eyelid, 
and  hence  distinguished  as  superior  and  inferior.  Their 
shape,  the  upper  that  of  a  D  laid  on  its  side,  the  lower  an 
elongated  band,  is  shown  in  Fig.  70. 

They  have  two  borders  :  a  horizontally  straight  or  free 
border,  coextensive  with  the  ciliary  margin  of  the  eyelid  up 
to  the  punctum  lacrimale  and  about  25  to  30  mm.  long,  and 
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an  attached  or  orbital  border,  which  describes  a  well-marked 
curve  in  the   superior  plate  but  is  nearly  straight  in  the 
inferior.     The  upper  plate  is  from  10  to  12  mm.  broad  in 
its  middle,  the  lower  one  is  about  5  mm.  wide  throughout; 
they  are  thickest  at  the  ciliary  border  and  i  mm.  thick  in 
the  centre,   but   taper  off  towards  the   attached  borders. 
The  curved  upper  outline  of  the  superior  plate  can  be  felt 
and  sometimes  seen  through  the  skin  ;   to  it  is  attached  the 
superior  palpebral   involuntary  muscle  ;    it    is    covered  in 
front  by  the  terminal  fibres  of  the  levator,  some  of  which 
are  fixed  to  its  lower  third.     The  inferior  plate  is  covered 
by  the  orbicularis  ;  its  lower  edge  is  united  to  the  septum 
orbitale  and  to  an   expansion  from   the  fascial   sheath  of 
the  inferior  rectus  muscle,  in  which  lies  the  inferior  pal- 
pebral involuntary  muscle.     The  plates  are  moulded  upon 
the  anterior   surface  of    the   globe,  from   which  they  are 
separated  by  the  closely  adherent  conjunctiva  ;  hence  they 
are  bent  with  a  posterior  concavity,  a  configuration  shared 
by  their  free  margins,  and  the  closeness   with  which  they 
fit  the  globe  can  be  appreciated  on  making  them  spring 
from  its  surface  by  approximating  the   thumb  and  finger- 
tips placed  at  opposite  ends  of  the  lids.     Their  extremities 
meet  at  each  end  in  the  commissures  of  the  lids,  and  are 
prolonged    to    form  the   medial  and  lateral  palpebral    (or 
tarsal)  ligaments,  by  means  of  which  they  are  attached  to 
the  middle  of  the  corresponding  margins  of  the  orbit. 

The  medial  palpebral  or  tarsal  ligament  (ligamentum 
palpebrale  mediate,  tendo  ocidi,  internal  palpebral  ligament, 
or  orbicular  tendon)  is  formed  by  the  junction  of  direct 
continuations  of  the  two  tarsal  plates  on  the  medial  side. 
It  is  a  broad  band  of  connective  tissue  which  is  attached  to 
the  upper  half  of  the  anterior  lacrimal  crest,  but  it  also 
spreads  out  over  the  frontal  process  of  the  maxilla  in  front 
of  this  ridge,  as  is  seen  in  Fig.  70  ;  it  therefore  lies  in  front 
of  the  lacrimal  fossa,  but  is  partly  adherent  to  the  lacrimal 
fascia  which  roofs  over  that  space.  Superiorly  it  is  thin  and 
blends  with  the  periosteum,  so  that  definition  of  an  upper 
margin  is  artificial ;  it  is  the  weakness  of  this  upper  part 
that  allows  the  fundus  of  the  underlying  lacrimal  sac  to 
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bulge  forwards  in  pathological  conditions  ;  inferiorly  it  is 
thicker  and  terminates  in  a  free  margin,  which  is  prominent 
owing  to  the  generally  oblique  position  of  the  ligament 
from  above  downwards  and  forwards,  and  is  conspicuous 
since  it  is  bare  of  muscle  fibres  (Figs.  53,  142).  This  edge 
shows  through  the  skin  as  a  prominent  white  band  on 
drawing  the  lids  laterally.  Fibres  of  the  orbicularis  oculi 
muscle  arise  from  nearly  the  whole  of  the  anterior  surface 
of  the  ligament,  with  the  exception  of  the  free  edge,  and 
from  the  deep  surface  where  it  is  not  adherent  to  the  bone 
or  the  lacrimal  fascia.  The  relations  to  the  lacrimal  fossa 
are  illustrated  by  Fig.  70,  whence  it  will  be  realised  that 
the  ligament  is  placed  in  front  of  the  upper  half  only  of 
the  lacrimal  sac,  but  covers  it  over  completely,  so  that  there 
is  no  formation  of  a  narrow  band  crossing  its  middle  as  is 
sometimes  figured.  Superficially  the  ligament  is  crossed  by 
the  angular  artery  and  vein,  the  latter  lying  nearer  to  the 
angle  of  the  eye  and  about  8  mm.  from  it  (Fig.  84).  Almost 
immediately  after  the  ligament  arises  from  the  tarsal  plates 
it  divides  into  two  lamellae,  an  anterior  or  direct  portion, 
described  above  as  passing  in  front  of  the  lacrimal  fossa, 
and  a  posterior  or  reflected  portion,  which  passes  behind  it 
to  be  attached  to  the  posterior  lacrimal  crest  ;  this  posterior 
lamella  is  very  thin  and  of  quite  secondary  importance  ;  it 
appears  in  dissections  merely  as  a  fascia  clothing  the  front 
of  the  pars  lacrimalis  muscle,  being  intimately  connected 
with  it  as  it  passes  behind  the  fossa  (Fig.  150,  p.  287).  In 
one  full-term  foetus,  however,  this  posterior  lamella  was 
found  better  developed  than  the  anterior  ;  possibly  the 
latter  becomes  the  stronger  as  the  orbicularis  comes 
into  use. 

The  lateral  palpebral  or  tarsal  ligament  (ligamentum 
palpebrale  laterale,  tendo  oculi  externus,  ligamentum  canthi 
externum,  external  palpebral  ligament,  or  lateral  palpebral 
raphe)  :  the  lateral  extremities  of  the  tarsal  plates 
form  a  conjoint  tendon  as  in  the  case  of  the  medial  ends, 
but  this  consists  only  of  a  single  and  direct  lamella  ;  it  is 
fixed  to  the  orbital  tubercle  of  the  zygomatic  bone  just  within 
the  lateral  orbital  margin  at  about  its  mid-point.  There 
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is  some  confusion  in  the  interpretation  of  this  attachment 
and  in  the  terms  applied  to  it.  Commonly  the  fixation  is 
stated  to  be  by  means  of  the  lateral  palpebral  raphe,  which 
is  formed  by  the  interlacing  ends  of  the  palpebral  fibres 
of  the  orbicularis,  strengthened  by  the  underlying  septum 
orbitale,  and  passing  superficial  to  the  orbital  rim  ;  on  cutting 


Fi<;.  71. — Dissection  of  Antero-Lateral  Region  of  Left  Orbit,  seen  from  the  medial 
aspect,  to  show  the  lateral  halves  of  the  tarsal  plates  (T. )  and  the  true  lateral 
palpebral  or  tarsal  ligament  (L. ),  attached  to  the  orbital  tubercle  of*  the 
zygomatic  bone.  The  preparation  also  shows  the  lacrimal  gland  (G. )  and  the 
anastomosis  between  its  nerve  and  the  zygomatico-temporal  nerve  (N.)  ;  A.  is 
the  aponeurosis  of  the  levator.  The  orifices  of  the  tarsal  glands  can  be 
seen  along  the  lower  margin  of  the  superior  tarsal  plate.  x  2. 

through  the  raphe,  however,  the  plates,  though  a  little 
slackened,  will  be  found  still  attached  to  the  bone  by  a 
deeper- lying  and  stronger  band  of  fibres,  well  displayed  from 
the  inner  surface,  as  in  the  above  figure.  This  is  the  true 
lateral  palpebral  ligament,  and  it  is  separated  from  the  more 
superficially  placed  raphe  by  a  narrow  but  definite  cleft,  in 
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which  there  may  be  found  a  few  lobules  prolonged  down- 
wards from  the  lacrimal  gland.  The  ligament  is  also  closely 
covered  at  its  attachment  to  the  tubercle  by  the  lateral 
horn  of  the  aponeurosis  of  the  levator,  just  as  the  tarsal 
plate  itself  above  is  covered  by  the  same  muscle  expansion. 
Hence  in  this  lateral  region  the  order  of  structures  from  the 
surface  backwards  is  skin,  orbicularis  and  septum  orbitale 
in  one  layer  (the  raphe),  lateral  horn  of  aponeurosis,  and 
the  lateral  palpebral  ligament  (Fig.  150,  p.  287). 

It  will  be  seen  that  by  the  recessed  position  of  the  lateral 
palpebral  ligament  on  the  one  side  and  the  deeply  placed 
attachment  of  the  pars  tarsalis  muscle  on  the  other,  the 

tarsal  plates  are  kept 
closely  curved  against  the 
globe  in  their  whole  length, 
an  approximation  that 
could  not  be  effected  to 
so  complete  a  degree  were 
they  fixed  to  the  bone 
merely  by  the  raphe  later- 
ally and  the  medial  pal- 
pebral ligament  medially. 

FIG.  72. — Scheme  to  show  relation  of  attach-    ;...  ..  .., 

merits  of  tarsal  plate  (in  solid  black)  Moreover,  the   contractile 

and  of  pre-tarsal  fibres  of  orbicularis  oculi    muscle    fibres    ensure    this 

contact  between  tarsal 
plates  and  globe  under 
all  conditions,  whether  the  latter  is  recessed  or  protruded 
or  whether  its  scleral  or  more  prominent  corneal  region  be 
presented  to  the  lids  in  its  various  movements  (Fig.  72). 

•In  structure  the  tarsal  plates  are  formed  by  dense 
connective  tissue  with  a  certain  amount  of  elastic  fibres  ; 
they  are  so  firm  as  to  account  for  their  being  sometimes  called 
"  tarsal  cartilages,"  though  C.  Krause  pointed  out  in  1842 
that  there  are  no  cartilaginous  cells  present.  They  are  not 
solid  plates,  but  are  hollowed  out  by  a  series  of  large  glands 
(tarsal  or  meibomian)  ;  indeed  the  most  striking  feature  seen 
in  microscopical  sections  is  the  enormous  size  of  these  struc- 
tures, which  excavate  the  plates  to  such  an  extent  that  there 
is  more  glandular  formation  than  connective  tissue  substance 
(Figs.  74  and  75). 


muscle  (the  lines)  to  the  medial  and  lateral 
orbital  margins. 
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FIG.  73. 


FIG.  74. 


FIG.  73. — Longitudinal  section  of  Upper  Eyelid  and  Eyebrow,  showing  various  parts 
and  degrees  of  coarseness  of  orbicularis  oculi  muscle,  and  the  terminal  fibres  of 
the  aponeurosis  of  the  levator  traversing  its  fasciculi  to  reach  the  skin.  The 
tarsal  plate  is  small.  X.  is  the  region  of  the  superior  palpebral  skin-fold. 

FIG.  74. — Longitudinal  section  of  Upper  Eyelid,  showing  a  large  tarsal  plate  and 
an  almost  complete  section  along  a  tarsal  gland.  The  superior  palpebral 
involuntary  muscle  appears  as  a  dark  line  leading  upwards  from  the  upper 
margin  of  the  tarsal  plate. 
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The  connective  tissue  appears  simply  as  a  dense  support- 
ing stroma  or  "  peri-meibomian  capsule,"  concentrated  in 
front  and  behind  the  glands  and  connected  by  transverse 
strands  passing  between  their  acini.  This  stroma  is,  more- 
over, permeated  by  a  system  of  lacunae  and  lymph  spaces 
(Parsons,  1904),  and  is  transversed  by  a  network  of  nerves 
and  blood-vessels  supplying  the  glands.  The  elastic  tissue 
is  concentrated  round  the  glandular  acini,  where  smooth 
muscle  fibres  are  also  stated  to  be  present,  and  some  fat 
cells  are  found  in  the  borders  of  the  plates,  especially  in  the 
lateral  convex  border  of  the  upper  one  (Virchow,  1905). 
Towards  the  free  borders  of  the  lids  the  connective  tissue 
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FIG.   75. — Transverse  section  of  the    Upper   Eyelid   to  show  the  tarsal  glands, 
and  the  extent  to  which  they  excavate  the  tarsal  plate  (on  the  concave  aspect  of 

the  section). 

of  the  plates  spreads  out  anteriorly  to  intermingle  with  and 
support  the  bulbs  of  the  cilia,  so  forming  a  thick  marginal 
basis  or  "  ciliary  mass  "  (Figs.  73,  80).  Their  deep  surfaces 
are  lined  by  the  closely  adherent  palpebral  part  of  the 
conjunctiva. 

The  tarsal  plates  stiffen  the  lids,  and  by  their  density 
render  them  more  efficient  organs  of  protection  to  the  eye 
from  injury  or  strong  light.  Phylogenetically  they  are  dermic 
tissue  condensed  under  the  influence  of  the  constant  tension 
of  the  lids  against  the  globe.  By  some  authors  they  are 
considered  to  be  correlated  with  the  presence  of  the 
tarsal  glands  and  the  greater  mobility  of  the  eyelids 
(Eggeling,  1904),  since  they  do  not  develop  clearly  until 
the  secretory  activity  of  the  glands  is  manifest,  but 
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others  disagree  with  these  conclusions  on  morphological 
grounds,  finding  that  their  presence  is  not  conditioned  by 
that  of  the  glands,  since  the  eyelids  of  mammals  contain 
either  both  glands  and  plates  or  only  one  of  these  according 
to  species  (Argaud,  1913). 

The  tarsal  or  meibomian  glands  (glandulae  tar  sales) 
were  described  by  Meibomius  in  1666,  but  had  already  been 
figured  by  Casserius  in  1609.  They  are  long,  narrow,  and 
nearly  straight,  but  the  upper  ends  may  be  bent  over,  and 
are  regularly  arranged  in  a  single  row  perpendicularly  to  the 
free  margin  of  the  lid  ;  they  occupy  almost  the  entire 
thickness  of  the  tarsal 
plate,  as  seen  in  Fig. 
75,  sometimes  form- 
ing a  series  of  ridges 
on  its  anterior  surface, 
and  extend  its  whole 
height,  consequently 
being  tallest  in  its 
middle  and  shortest 
at  the  extremities. 
They  are  relatively 
longer  in  the  infant. 

Each         gland         IS  FlG    76._The  Eyelids  seen  from  behind  after  treat- 

COmDOSed    Of    a   Single  ment  with  a  saturated  solution  of  urea,  showing 

,        ,          ,  the  tarsal  glands  of  the  tarsal  plates.      The 

Central     Canal  puncta  lacrimalia  are  also  well  displayed. 

at  its  upper  end  and 

opening  below  on  to  the  palpebral  margin  immediately 
in  front  of  its  posterior  edge,  where  the  regularly  arranged 
row  of  minute  orifices  of  these  glands  can  be  seen  (Fig.  71). 
Around  nearly  the  whole  length  of  the  canal  are  grouped 
the  acini,  which  open  into  it  by  lateral  ducts  ;  the  acini 
are  single  or  composite,  and  number  thirty  to  forty  in  the 
longest  glands  (Sappey,  1867)  ;  they  are  surrounded  by 
a  lymph  space  lined  by  endothelium  (Parsons,  1904), 
and  the  ducts  are  lined  by  cubical  epithelial  cells  which 
become  stratified  at  their  mouths.  They  are  sebaceous 
glands,  and  the  secretion  is  composed  of  finely  granular 
fat,  the  "  sebum  palpebrale,"  which  by  its  greasy  nature 
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lubricates  the  edges  of  the  lids  and  prevents  them  from 
sticking  together  and  also  the  tears  from  overflowing ; 
they  are  absent  from  the  lacrimal  part  of  the  lid  margin 
where  the  tears,  unless  unusually  abundant,  first  begin  to 
trickle  down.  Owing  to  the  yellow  colour  of  the  secretion 
the  glands  can  be  seen  through  the  conjunctiva  on  everting 
the  lid.  The  relation  of  the  horizontally  disposed  fibres  of 
the  pars  ciliaris  of  the  orbicularis  oculi  muscle  to  the 
terminal  canals  of  these  glands  is  seen  in  Figs.  78,  80  ; 
they  lie  chiefly  in  front,  partly  behind  them,  and  some 
minute  bundles  are  even  interlobular,  interciliary,  and 
fetrotarsal  in  position. 

The  tarsal  glands  represent  the  ordinary  sebaceous 
glands  of  a  primitive  secondary  range  of  eyelashes  which 
have  disappeared  in  man,  a  fact  that  explains  the  presence 
of  an  extra  row  of  cilia  and  the  absence  of  these  glands  in 
cases  of  congenital  districhiasis  (Brailey,  1906),  and  the 
aberrant  lashes  found  in  a  cyst  on  the  posterior  face  of  the 
tarsal  plate  (Szili). 

The  free  palpebral  margin  is  a  region  of  such  practical 
importance  as  to  merit  a  special  description.  It  is  divided 
along  its  length  into  two  regions,  ciliary  and  lacrimal,  the 
point  of  division  being  marked  by  the  lacrimal  papilla. 
The  lacrimal  region  is  devoid  of  eyelashes,  and  is  smooth 
and  rounded  ;  in  the  substance  of  the  lid  beneath  it  runs 
the  lacrimal  canaliculus.  The  ciliary  region  bears  the  eye- 
lashes, and  is  flat  and  about  2  mm.  broad  ;  it  therefore 
presents  two  lips  or  limbi,  an  anterior,  slightly  rounded  and 
continuous  with  the  skin,  and  a  posterior,  sharply  cut  and 
continuous  with  the  conjunctiva  and  lying  against  the  globe  ; 
in  the  aged  the  edges  lose  their  sharpness  owing  to  the  loss 
of  elasticity  of  the  fibres  composing  them.  When  the  lids 
are  closed  a  longitudinal  capillary  space  (rivus  lacrimalis) 
is  said  by  some  authors  to  exist  between  their  posterior 
lips  and  the  globe.  The  flat  surface  of  the  margin  between 
the  lips  is  termed  the  "  intermarginal  region  "  (Terson,  1903), 
and  it  may  present  along  its  middle  a  slight  groove  or  a  fine 
grey  or  pigment ed  line,  called  the  "  intermarginal  groove," 
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or  sulcus  inter  mar ginalis  of  Graefe,  best  seen  in  the  upper 
eyelid.  This  line  subdivides  the  flat  margin  along  its  length 
into  a  ciliary  part  in  front,  from  the  surface  of  which  spring 
the  cilia,  and  a  tarsal  part  behind,  marked  by  the  range 
of  orifices  of  the  tarsal  glands  ;  by  a  reference  to  the 
structure  of  the  lids  it  will  be -seen  that  the  lid  can  be  split 
along  this  line  into  an  anterior  layer  containing  the  orbicu- 
laris  and  ciliary  follicles,  and  a  posterior  containing  the  tarsal 
plate  (Fig.  77).  The  conjunctival  membrane  extends  as 
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INTER  MARGINAL     REG/CM. 
FIG.  77. — Scheme  to  illustrate  the  Structure  of  the  Free  Palpebral  Margin. 

far  as  the  glandular  orifices,  the  rest  of  the  border  anteriorly 
being  cutaneous.  Structurally,  the  lid  margin  consists 
largely  of  dense  connective  tissue  directly  derived  from  the 
splayed-out  free  border  of  the  tarsal  plate  :  this  ciliary  mass 
appears  triangular  in  vertical  section,  and  embedded  in  it 
are  the  follicles  of  the  eyelashes,  together  with  their 
particular  glands,  and  the  fasciculi  of  the  pars  ciliaris 
muscle  (Fig.  78). 

The  cilia,  or  eyelashes,  are  short,  thick,  curved  hairs, 
usually  deeper  in  colour  than  those  of  the  head,  but  not 
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blanching  with  age  ;  they  are  relatively  longer  and  finer  in 
the  female  and  infant,  and  are  but  little  developed  in  mongo- 
loid  races  (Branca,  1912).  They  are  arranged  in  two  or 
three  irregularly  placed  rows.  Those  in  the  upper  lid  are 
larger,  longer,  more  closely  set,  and  more  numerous  than  in 
the  lower ;  in  the  upper  lid  they  number  from  100  to 
120  or  even  150  (Bonders,  1858),  and  are  from  8  to 
12  mm.  long  ;  in  the  lower  lid  they  are  from  50  to  75  in 
number,  and  6  to  8  mm.  long  ;  they  are  larger  in  the  middle 


FIG.  78.  — The  Upper  Palpebral  Margin,  showing  ciliary  follicle  with  glands  of  Zeis  ; 
sagittal  section,  enlarged  ;  skin  surface  to  right,  conjunctiva  on  left.  The  pars 
marginalis  of  the  orbicularis  oculi  muscle  and  its  relation  to  the  cilia,  as 
described  on  p.  129,  are  well  shown. 

region  of  either  lid.  In  the  lower  lid  they  are  implanted 
more  on  its  anterior  face  than  on  the  actual  margin  ;  they 
curve  upwards  in  the  upper  lid,  downwards  in  the  lower,  and 
their  convexities  meet  in  occlusion  of  the  lids  ;  cylindrical 
in  early  life,  they  become  a  little  flattened  in  the  adult,  a 
change  in  shape  attributed  to  the  compression  exerted  upon 
them  by  the  marginal  muscle  fibres.  The  follicles  are  from 
1-5  to  2-5  mm.  deep,  and  are  obliquely  planted  in  a  dense 
fibrous  tissue  derived  from  the  tarsal  plate,  up  to  which  they 
extend  ;  they  are  surrounded  by  a  rich  plexus  of  sensory 
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nerve  fibres  (the  "marginal  plexus"  of  von  Mises,  1882),  and 
their  relation  to  the  ciliary  muscle  bundles  is  seen  in  Fig.  78. 
From  the  sides  of  the  primary  follicles  secondary  ones 
develop  and  give  origin  to  new  lashes,  which  replace  the 
older  ones  after  their  life  of  about  three  months  ;  certain 
follicles  date  from  foetal  life,  and  may  develop  late  and 
out  of  their  proper  order. 


Bulb  of  eye- 
lash 


Gland  of 
Zeis 


Gland  of 
Moll 


Epithelium 
of  lid  margin 


FIG.  79. —  Reconstruction  of  the  Bulb  of  an  Eyelash,  with  its  appendages. 

(Contino,  1907.) 

It  has  already  been  pointed  out  that  the  tarsal  glands 
are  to  be  regarded  as  greatly  modified  glands  of  primitive 
cilia  which  have  aborted ;  similarly  it  is  found  that  the 
other  skin  glands  at  the  lid  margin  differ  from  the  normal. 

The  sebaceous  glands  are  larger  than  those  of  the  hairs 
elsewhere,  and  are  known  as  the  glands  of  Zeis  (1835  ; 
generally  spelt  incorrectly  as  Zeiss)  ;  there  are  usually  two 
for  each  follicle,  developed  by  outgrowths  of  its  epithelial 
wall,  and  they  pour  their  secretion  round  the  base  of  the 
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hair.  They  consist  of  a  short  wide  duct  leading  from  a 
cluster  of  small  rounded  saccules  (Fig.  79),  which  are  lined 
with  cells  loaded  with  particles  of  fatty  substance,  and  are 
supported  by  a  basement  membrane  reinforced  with  a 
covering  of  connective  tissue  (Schafer,  1912)  ;  they  are  better 
developed  in  the  infant  than  in  the  adult. 

The  sweat  glands  are  distinguished   as  the  glands  of 
Moll   (1857)   or  "  ciliary  glands  '     (a    name   which-  should 


Ampulla 


Duct 


FIG.  80. 


FIG.  8 i. 


FIG.  80. — The  Upper  Palpebral  Margin,  sagittal  section  enlarged,  showing  a  Gland 
of  Moll  (M. ,  M. ),  and  the  various  parts  of  the  pars  marginalis  of  the  orbicularis 
oculi  muscle  (see  p.  129  for  description).  Skin  surface  on  right,  conjunctiva 
and  tarsal  plate  on  left. 

FIG.  81. — Reconstruction  of  a  Gland  of  Moll  (Contino,  1907). 

be  applied  more  appropriately  to  the  glands  of  Zeis)  ;  they 
are  ordinary  sweat  glands  retarded  in  development,  the 
secretory  tubule  forming  a  spiral  instead  of  a  glomerulus, 
but  having  a  wider  duct,  and  they  open  either  into  some 
(14-26)  of  the  ciliary  follicles  close  to  the  surface  (Virchow, 
Contino,  Sattler,  Parsons)  or  into  the  duct  of  a  Zeis  gland, 
or  on  to  the  surface  of  the  lid  margin  between  the  eyelashes 
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(Waldeyer,  Picou)  ;  usually  there  is  one  placed  between 
each  two  cilia  (Sattler,  1877).  They  extend  deep  into  the 
lid  even  as  far  as  the  tarsal  plate  (Fig.  80),  and  are  better 
developed  in  the  lower  eyelid.  The  secretory  part  of  the 
gland  is  lined  by  an  epithelium  formed  by  a  single  layer  of 
cuboid  columnar  cells  which  increase  to  two  or  three  layers 
in  the  duct,  becoming  keratinised  and  continuous  with  the 
epidermis  at  the  orifice  ;  it  is  supported  by  a  basement 
membrane,  and  surrounded  by  smooth  muscle  fibres  and 
a  felting  of  elastic  tissue  (Carlini,  1907). 

Blocking  of  the  duct  of  either  of  these  glands  causes  a 

'  stye,"  and  the  fact  that  they  open  into  a  follicle  explains 
the  relief  obtained  by  pulling  out  the  eyelash. 

For  the  development  of  the  lid  margin  see  p.  184. 

The  difference  between  the  two  eyelids  may  here 
be  summarised  :  the  lower  lid  is  thicker,  shorter,  and  less 
mobile,  having  no  special  levator  muscle  ;  the  size  of  its 
tarsal  plate  and  glands  and  the  length  of  its  cilia  are  less ; 
the  orbicularis  muscle  is  thicker  over  the  lower  lid  and  its 
marginal  fasciculi  are  less  differentiated  ;  the  inferior  pal- 
pebral  involuntary  muscle  is  shorter  and  less  developed 
than  that  of  the  upper  lid.  A  section  is  shown  on  p.  194. 

The  Lacrimal  Caruncle  (caruncula  lacrimalis,  from 
the  Latin  diminutive  of  caro,  flesh)  is  a  small  reddish  oede- 
matous-looking  body  about  5  mm.  high  by  3  mm.  broad, 
lying  in  the  lacus  lacrimalis  at  the  medial  angle  of  the  eye  ; 
from  its  mucoid  appearance  and  position  it  looks  as  if  it 
were  a  formation  of  the  conjunctiva,  but  developmentally 
and  structurally  it  is  a  detached  and  modified  part  of  the 
lower  lid  margin  (see  p.  186).  It  is  more  prominent  when 
the  eyeball  is  directed  laterally,  being  dragged  forwards 
by  the  plica  semilunaris  of  the  conjunctiva,  with  which  it 
is  connected  on  its  under  surface,  and  is  deeply  recessed 
when  the  eye  is  turned  medially  ;  this  recessed  position  is 
normal  in  infancy,  but  may  follow  as-  a  disfigurement  after 
operation  on  the  medial  rectus  muscle,  probably  owing  to 
the  fact  that  fibres  of  the  fascial  sheath  of  the  muscle  enter 
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its  base,  and  so  can  draw  it  backwards  (Fig.  150,  p.  287). 
Its  prominence  serves  to  stem  the  flow  of  tears  into  the 
groove  between  it  and  the  more  laterally  placed  plica 
semilunaris,  into  which  groove  the  lacrimal  papillae  are 
directed. 

In  structure  the  caruncle  presents  many  traces  of  its 
developmental  origin  ;  it  consists  of  a  modified  epithelium, 
hairs  with  sebaceous  glands,  an  accessory  lacrimal  gland 
(ectodermal  structures),  and  connective  tissue  and  fat 
(mesodermal  structures) .  The  surface  epithelium  resembles 


FIG.  82. — Section  through  the  Lacrimal  Caruncle,  greatly  enlarged,  showing  an 
accessory  lacrimal  gland  in  the  centre,  and  sebaceous  glands  resembling  the 
meibomian  glands  of  the  tarsal  plate  towards  the  left.  The  plica  semilnnaris 
just  appears  on  the  left  side  of  the  preparation. 

that  of  the  ciliary  border,  being  of  stratified  pavement  type 
but  not  keratinised,  though  Peters  (1919)  reports  twenty- 
six  cases  of  cornification  of  the  caruncle  by  thickening  of 
its  epithelium.  At  the  margins  it  shows  a  transition  to 
the  conjunctiva  by  a  cylindrical  formation  and  the  presence 
of  goblet  cells  (Terson)  ;  '  intra-epithelial  glands  "of  simple 
mucoid  alveolar  type  are  described  by  Enslin  (1905), 
but  their  existence  under  normal  conditions  is  denied  by 
Stieda  (1890).  The  surface  presents  some  fifteen  colourless 
hairs  which  are  directed  towards  the  nose  (Merkel)  ;  they 
may  be  developed  to  such  an  extent  as  to  become  a  nuisance 
and  require  removal,  and  may  even  resemble  aberrant  eye- 
lashes in  size  (Berger,  1893)  ;  into  the  hair  follicles  there 
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open  glands  like  those  of  Zeis,  and  other  sebaceous  glands 
are  seen,  larger  and  resembling  the  acini  of  tarsal  glands. 
These  glands  are  the  source  of  the  white  secretion  that 
collects  in  this  region  of  the  eye,  and  are  usually  largely 
developed.  Sweat  glands  were  found  by  Waldeyer,  but 
have  not  been  observed  by  Stieda  and  Terson,  and  could 
not  be  found  in  the  writer's  serial  sections  ;  they  occur, 
however,  in  the  embryo  (Contino),  and  when  persistent 
in  the  adult  are  perfectly  formed  (Virchow).  The  most 

I  conspicuous  object  in  microscopical  sections  is  the  large 
centrally-placed  '  acino-tubular  gland  "  ;  structurally  this 
resembles  the  accessory  lacrimal  glands  of  the  conjunctiva 
described  by  Krause  ;  it  varies  greatly  in  volume,  and 
there  may  be  from  one  to  four  present,  though  sometimes 
none  can  be  found  ;  in  the  writer's  sections  there  was 
one  large  central  gland  with  two  smaller  ones  above  it  ; 
it  opens  upon  the  surface  by  a  large  tortuous  excretory 
canal.  It  is  not  a  relic  of  Harder's  gland,  which  is  absent 
in  man  (vide  plica  semilunaris,  p.  198),  though  both  are 
present  in  the  calf.  A  few  smooth  but  no  striated  muscle 
fibres  are  present  (Miiller). 

The  blood-vessels  are  derived  from  the  superior  palpebral 
artery,  and  on  account  of  the  connective  tissue  through 
which  they  run  they  gape  on  section,  and  free  haemor- 
rhage occurs  ;  the  lymphatics  drain  into  the  submaxillary 
nodes.  The  sensory  nerve  ^supply  is  provided  by  the  infra- 
trochlear  branch  of  the  ophthalmic  division  of  the  trigeminal 
nerve. 

The  Vessels  of  the  Eyelids.-  -The  blood-vessels  are 
derived  from  two  sources,  those  of  the  face  and  those  of  the 
orbit,  but  there  are  free  anastomoses  between  the  two 
systems  at  the  orbital  margin,  and  since  the  facial  vessels 
are  extra-cranial  whilst  the  orbital  are  intra-cranial  in  origin, 
these  junctions,  especially  of  the  veins,  are  of  considerable 
importance.  The  facial  group  of  arteries  are  all  derived 
from  the  external  carotid ;  the  orbital  (ophthalmic)  is 
derived  from  the  internal  carotid.  The  facial  system  of 
ins  drains  into  the  internal  and  external  jugular  veins, 
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the  ophthalmic  veins  into  the  cavernous  sinus  of  the  intra- 
cranial  dural  system  (see  Fig.  162,  p.  313). 

It  will  simplify  description  to  retain  here  the  older  and 
more  commonly  known  names  of  facial  artery  and  facial 
vein,  instead  of  the  newer  external  maxillary  artery  and 
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Deep  facial  vein 
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Frontal  vessels 
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and  artery 


FIG.  83.  — Approximate  positions  of  main  vessels  of  the  face. 

anterior  facial  vein,  for  these  two  collaterally  placed 
vessels. 

i.  The  facial  vessels  are  the  facial  and  superficial 
temporal  arteries  and  veins,  and  their  branches  supply  most 
of  the  circum-orbital  region  and  the  superficial  parts  of  the 
lids,  as  shown  in  the  above  figure. 

The  facial  artery  (arteria  maxillaris  externa)  arises  from 
the  external  carotid  in  the  upper  part  of  the  neck,  and  reaches 
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the  face  by  passing  over  the  ramus  of  the  mandible  just  in 
front  of  the  anterior  border  of  the  masseter  muscle,  where 
its  pulsations  can  be  felt  in  life,  and  where  it  may  be  com- 
pressed against  the  bone.  It  pursues  a  sinuous  course 
obliquely  upwards  and  medially  towards  the  naso-labial 
angle,  being  crossed  by  the  risorius  and  zygomaticus  muscles  ; 
it  then  passes  vertically  upwards,  beneath  or  rarely  over 
the  levator  muscles  of  the  upper  lip  (quadratus  labii  superi- 
oris)  and  below  the  infra-orbital  foramen  and  nerve,  to  the 
medial  angle  of  the  eye,  where  it  is  termed  the  "  angular 
artery  "  ;  in  this  part  of  its  course  it  runs  along  the  line  of 
the  naso-jugal  skin -fold,  and  passes  superficial  to  the  medial 
palpebral  ligament  with  the  facial  vein  on  its  lateral  side. 
Both  vessels  lie  about  5  mm.  anterior  to  the  lacrimal  fossa 
and  are  covered  by  skin,  and  also  in  most  cases  by  fibres  of 
the  orbicularis  muscle.  The  facial  artery  anastomoses  with 
the  transverse  facial  and  infra-orbital  arteries  and  with  its 
fellow  of  the  opposite  side,  and  on  piercing  the  septum 
orbitale  between  the  trochlea  and  the  medial  palpebral 
ligament,  it  terminates  by  becoming  directly  continuous  with 
the  nasal  branch  of  the  ophthalmic  artery.  It  supplies  in  the 
ocular  region  the  orbicularis  oculi  muscle,  the  lower  eyelid, 
and  the  lacrimal  sac.  In  the  upper  part  of  its  course  it  may 
be  very  small,  the  blood-supply  to  the  lower  eyelid  being 
then  derived  from  the  vessels  with  which  it  anastomoses. 

The  facial  vein  (vena  facialis  anterior)  is  formed  at 
the  medial  end  of  the  eyebrow  by  the  junction -of  the  frontal 
and  supra-orbital  veins  ;  it  runs  obliquely  downwards  and 
backwards  across  the  face,  along  the  anterior  border  of  and 
then  over  the  lower  part  of  the  masseter  muscle,  to  cross  the 
mandible  and  end  in  the  internal  jugular  vein  in  the  neck. 
In  the  first  part  of  its  course  between  the  eye  and  the  nose 
it  is  called  the  "  angular  vein/'  and  presents  relations  already 
described  in  connection  with  its  companion  artery  (see  Fig. 
54,  p.  123)  ;  as  it  passes  over  the  medial  palpebral  ligament 
it  is  distant  about  8  mm.  from  the  angle  of  the  lids,  and  in 
this  position  often  forms  a  prominence  in  the  living  ;  its 
position  may  also  be  indicated  by  the  dark  colour  of  the 
contained  blood  showing  through  the  skin. 
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The  facial  vein  lies  lateral  and  posterior  to  the  artery 
throughout,  but  takes  a  straighter  line  down  the  face  and  is 
more  superficial,  being  covered  only  by  the  zygomaticus 
muscle.  It  is  less  flaccid  than  most  of  the  superficial  veins, 
and  therefore  tends  to  remain  patent  after  section  ;  it  is  a 
fairly  large  channel  and  may  exhibit  varicosities,  as  illus- 
trated in  the  figure  below.  Such  a  condition  would  explain 


tiG.  84. — The  Facial  Vein  (vena  fcuialis  anterior],  showing  varicosities.  Its 
angular  portion  is  seen  crossing  the  medial  palpebral  ligament,  with  the 
corresponding  angular  artery  lying  to  its  nasal  side. 

the  swelling  sometimes  seen  in  the  living  along  the  line  of 
the  upper  part  of  its  course  when  the  vessel  is  compressed 
and  the  blood-flow  retarded  by  the  contraction  of  the  over- 
lying muscle,  as  in  laughing.  Among  its  tributaries  the 
following  are  important  : 

(i.)  The  supra-orbital  vein  does  not  accompany  the  artery 
of  the  same  name  down  the  forehead,  but  runs  horizontally 


EYELIDS  THE  VESSELS  165 

along  the  margin  (hence  the  name  marginal  vein  or  arcade 
sometimes  applied  to  it)  from  the  temporal  side,  where  an 
anastomosis  is  formed  with  the  middle  temporal  branch  of 
the  superficial  temporal  vein  ;  it  lies  beneath  the  orbicularis 
oculi  muscle,  which  it  pierces  below  the  head  of  the  eyebrow 
to  join  the  frontal  and  so  form  the  angular  vein  (Figs.  83, 
85) .  In  its  course  it  sends  a  large  branch  through  the  supra- 
orbital  notch  to  join  the  superior  ophthalmic  vein  within 
the  orbit,  and  as  this  branch  passes  through  the  notch  it 
receives  the  frontal  diploic  vein,  which  drains  the  mucous 
membrane  lining  the  frontal  air-cell  and  establishes  a 
communication  with  the  superior  longitudinal  blood  sinus. 

(ii.)  The  frontal  vein  (or  fronto-nasal,  represented  as 
separate  vessels  by  Merkel  in  Fig.  85)  runs  vertically  down 
the  forehead  immediately  beneath  the  skin,  in  company 
with  the  frontal  or  supra-orbital  artery  and  nerve ;  it 
communicates  with  the  superior  longitudinal  sinus  through 
small  foramina  in  the  frontal  bone  (Piersol),  and  at  the  root 
of  the  nose  is  connected  with  its  fellow  of  the  opposite  side 
by  a  short  transverse  ' '  nasal  arch  '  (seen  in  Fig.  84) . 

(iii.)  The  superior  and  inferior  superficial  palpebral 
veins  are  small  veins  which  drain  the  skin  of  the  eyelids 
and  surrounding  parts  and  enter  the  angular  vein ;  the 
lower  one  is  sometimes  seen  to  reach  a  considerable 
size. 

(iv.)  The  angular  vein,  like  its  tributary  the  supra- 
orbital,  communicates  freely  with  the  superior  ophthalmic 
vein  by  a  branch  passing  into  the  orbit  below  the  trochlea  ; 
it  is  chiefly  by  the  junction  within  the  orbit  of  these  two 
communications  from  the  angular  and  supra-orbital  veins 
that  the  superior  ophthalmic  vein  is  formed. 

(v.)  At  about  the  middle  of  its  course,  where  it  passes 
beneath  the  zygomaticus  muscle,  the  facial  vein  forms 
another  important  connection  by  receiving  the  deep  facial 
(anterior  internal  maxillary)  vein,  as  seen  in  Fig.  84.  This 
vessel  passes  backwards  between  the  masseter  and  buccinator 
muscles  into  the  infra-temporal  fossa  to  join  the  pterygoid 
plexus,  a  venous  network  which  communicates  with  the 
cavernous  sinus  and  with  the  inferior  ophthalmic  vein  by 


166  THE  HUMAN  ORBIT  EYELIDS 

branches  passing  through  the  inferior  orbital  fissure   (see 

Fig.  162,  p.  313). 

Thus  the  facial  vein  has  two  chief  connections  with  the 
cavernous  sinus  of  the  intra-cranial  venous  system  :  by  its 
free  union  with  the  superior  ophthalmic  vein,  and  by  a  path- 
way through  the  pterygoid  plexus.  It  is  said  to  be  devoid 
of  efficient  valves,  though  Merkel,  Festal,  and  others  state 
that  they  exist  at  its  junction  with  the  ophthalmic  vein  so 
disposed  as  to  ensure  a  flow  in  a  forward  or  facial  direction 
(such  valves  could  not  be  found  in  the  specimen  photographed 
in  Fig.  84).  Usually,  however,  there  appears  to  be  no 
hindrance  to  the  passage  of  at  least  part  of  the  blood-flow 
from  the  frontal  region  into  the  orbit,  and  this  is  no  doubt 
the  usual  course,  since  when  the  ophthalmic  system  is 
congested  during  laughter  or  expiratory  or  straining  efforts 
it  is  common  to  see  the  frontal  veins  become  prominent,  and 
in  cases  of  orbital  or  intercranial  tumour  the  ophthalmic, 
angular,  and  facial  veins  become  congested  and  tortuous 
from  pressure  interference  with  the  blood- current.  More- 
over, the  angular  vein  is  frequently  found  very  small  on 
both  sides,  and  obviously  insufficient  to  carry  the  whole 
flow  from  the  frontal  region  into  the  facial  vein.  As  a 
consequence  of  the  valvular  deficiency,  septic  diseases  such 
as  malignant  pustule,  furuncle,  carbuncle,  or  cancrum  oris, 
involving  the  face  or  forehead,  are  exceptionally  dangerous, 
since  the  infection  may  spread  by  way  of  the  ophthalmic 
veins  or  pterygoid  plexus  to  the  cavernous  sinus  (Piersol, 
1919).  See  also  p.  314. 

The  superficial  temporal  vessels  call  for  but  brief 
description.  The  artery  (arteria  temporalis  superficialis)  is 
one  of  the  terminal  branches  of  the  external  carotid,  and 
runs  up  behind  the  angle  of  the  jaw  and  in  front  of  the  ear  ; 
among  other  branches  it  gives  off  (i.)  a  transverse  facial 
branch,  which  runs  forwards  below  the  zygoma  to  terminate 
near  the  lateral  margin  of  the  lower  eyelid  by  anastomosing 
with  the  infra-orbital  and  lacrimal  arteries  ;  (ii.)  a  zygo- 
matico-orbital  branch,  which  passes  along  the  upper  border 
of  the  zygoma  to  supply  the  lateral  parts  of  the  lids  ;  it  also 
anastomoses  with  the  lacrimal  artery,  and  sends  branches 
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into  the  cavity  of  the  orbit  ;  (iii.)  a  frontal  branch,  large 
and  tortuous,  which  passes  upwards  and  forwards  across 
the  temple  to  supply  the  frontalis  and  orbicularis  oculi 
muscles,  and  anastomoses  with  the  lacrimal  and  supra- 
orbital  branches  of  the  ophthalmic  artery. 

The  vein  (vena  temporalis  superficialis)  communicates 
with  the  frontal  and  supra-orbital  veins,  draining  the  blood 
from  the  lateral  region  of  the  upper  lid  ;  it  runs  across  the 
temple,  then  downwards  in  front  of  the  ear,  joins  the  internal 
maxillary  vein  to  form  the  temporo-maxillary  or  posterior 
facial  vein,  and  enters  the  external  jugular  vein  ;•  it  receives 
a  middle  temporal  vein,  which  communicates  with  the 
lacrimal  and  facial  veins  at  the  outer  angle  of  the  eye,  and 
runs  along  the  upper  border  of  the  zygoma  beneath  the 
temporal  fascia. 

(2)  The  intra-orbital  system  of  vessels  are  the  supra- 
orbital,  frontal,  nasal,  and  lacrimal  branches  of  the 
ophthalmic  artery,  which  supply  the  eyelids  and  the 
supra-orbital  region  in  its  medial  half,  and  the  general 
arrangement  of  which  is  shown  in  Fig.  158,  p.  302.  (i.)  The 
supra-orbital  artery  leaves  the  orbit  by  passing  through 
the  supra-orbital  notch,  or,  like  the  nerve  of  the  same 
name  which  it  accompanies,  it  may  emerge  in  two  branches, 
frontal  and  supra-orbital  proper,  as  in  Fig.  85 ;  it  supplies 
the  skin  of  the  forehead  and  upper  eyelid,  anastomosing  with 
the  superficial  temporal  artery  and  with  its  fellow  of  the 
opposite  side.  (ii.)  The  frontal  artery  has  a  similar  but 
more  medial  distribution  than  the  supra-orbital,  (iii.)  The 
nasal  artery  (arteria  dorsalis  nasi)  leaves  the  orbit  by 
passing  over  the  medial  angle  of  the  margin  between  the 
trochlea  and  medial  palpebral  ligament ;  it  is  the  direct 
continuation  of  the  main  ophthalmic  vessel,  and  becomes 
continuous  with  the  angular  artery  on  the  face,  (iv.)  The 
lacrimal  artery,  after  supplying  the  lacrimal  gland,  gives  off 
terminal  twigs  to  the  lateral  ends  of  the  eyelids.  The 
ophthalmic  veins  have  a  similar  distribution.  The  intra- 
orbital  origin  and  course  of  the  vessels  are  described 
later  (p.  300)  ;  and  an  account  of  the  infra-orbital  artery, 
which,  though  extra-cranial  in  origin,  is  intra-orbital  in 
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position  and  supplies  part  of  the  orbital  contents  and  the 
lower  eyelid,  will  be  found  on  p.  307. 

(3)  The  skin  of  the  lids  and  the  orbicularis  oculi 
muscles  are  supplied  by  freely- anastomosing  branches  of  all 
the  above-mentioned  vessels  ;  the  deeper  parts  of  the  lids 
are  supplied  by  the  specially  denoted  palpebral  branches 
of  the  nasal  and  lacrimal  vessels,  which  are  medial  and 
lateral  respectively. 


FIG.  85. — The  Arteries  and  Veins  of  the  Eyelids  (Merkel,  1901). 

In  the  first  figure  of  the  arteries  :  ang.  —  angular,  na.=dorsalis  nasi,fr.  =  frontal,  spo.  =  supra- 
orbital,  ts.  =  superficial  temporal,  la.=  lacrimal,  zy.  =  zygomatic,  mxe.  —  facial  or  external  maxillary 
with  the  infra-orbital  just  above,  pam.  and  pal.  =  medial  and  lateral  palpebral,  and  the  asterisks 
mark  the  superior  and  inferior  tarsal  arcades. 

In  the  second  figure  of  the  veins:  ang.  —  angular,  fr.  —frontal,  t.  =  temporal, fa.—  facial,  nf.= 
naso-frontal,  so.  =  supra-orbital  or  marginal  arcade,  and  the  asterisk  points  to  the  anastomoses 
with  the  ophthalmic  vein. 

The  medial  palpebral  arteries  (arteriae  palpebrales 
mediates)  are  two  vessels  which  arise,  usually  by  separate 
origins,  from  the  nasal  branch  of  the  ophthalmic  just  before 
it  leaves  the  orbit  below  the  trochlea  ;  they  descend  behind 
the  pars  lacrimalis  muscle  and  lacrimal  sac,  and  one  enters 
the  medial  end  of  each  lid.  Before  doing  so  the  superior 
vessel  supplies  the  caruncle,  lacrimal  canaliculi,  lacrimal  sac, 
and  pars  lacrimalis  muscle  ;  the  inferior  is  joined  by  an 
orbital  branch  from  the  infra- orbital  artery,  and  supplies 
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the  naso-lacrimal  duct  as  far  as  its  entrance  into  the  inferior 
meatus  of  the  nose.     On  entering  the  lids  each  palpebral 
artery   bifurcates   into    a   larger   marginal   and    a   smaller 
peripheral  branch,  which  run  along  in  relation  to  the  borders 
of  the  tarsal  plates  towards  the  lateral  extremities  of  the 
lids,  where  they  unite  and  anastomose  with  two  correspond- 
ing lateral  palpebral  branches  (arteriae  palpebrales  laterales) 
provided    by   the   lacrimal   artery,    and   make    connection 
also  with  the  zygomatic-orbitalis  branch  of  the  superficial 
temporal  artery  ;    in  this  way  two  arterial  arcades  (arcus 
tarseus   superior   vel   inferior)    are   formed  in  each  lid,   an 
inferior    or    marginal    and    a    superior    or    peripheral,    a 
distinction  much  better  marked  in  the  upper  and  broader 
eyelid.     The  marginal  tarsal  arcade  with  its  accompanying 
vein  forms  a  conspicuous  feature  in  sections  of  the  eyelids 
(Fig.  73,  p.  151)  ;  it  lies  about  3  mm.  from  the  free  border 
of  the  lid,  at  the  base  of  the  ciliary  region,  directly  on 
the  tarsal  plate  and  beneath   the   orbicularis   muscle  ;    it 
supplies   the   ciliary  follicles   and  glands.     The   peripheral 
tarsal  arcade  pursues  a  sinuous  course  along  the  convex 
border  of  the  tarsal  plate,  and  in  the  upper  lid  is  found  in 
the  pre-tarsal  space  between  the  aponeurosis  of  the  levator 
and  the  superior  palpebral  involuntary  muscle.     Most  of  its 
twigs  pass  as  "  posterior  conjunct! val  arteries  "  through  the 
latter  muscle  to  supply  the  conjunctiva  of  the  fornix  and 
bulbar  region  (Fig.  103,  p.  200).     The  peripheral  arcade  of 
tiie  lower  lid  is  inconstant,  being  replaced  by  branches  of 
the  superficial  vessels,  and  it  does  not  supply  the  conjunctiva. 
Minute  twigs  pass  from  one  arcade  to  the  other,  forming 
plexuses  in  front  and  behind  the  tarsal  plates  ;    the  pre- 
tarsal  plexus  supplies  all  the  structures  in  front  of  the  plate 
and  ramifies  between  the   tarsal  glands,  whilst  the  post- 
tarsal    plexus    (retro-tarsal    or   sub-conjunctival)    supplies 
chiefly  the  conjunctiva,  as  described  on  p.  199  (Fuchs,  1878  ; 
Langer,  1878).     The  circulation  at  the  margins  of  the  lids  is 
terminal,  so  favouring  stagnation  and  causing  redness. 

The  veins  of  the  lids  are  larger  and  more  superficially 
placed  than  the  arteries,  of  which  they  run  independently  ; 
in  the  deeper  parts  of  the  lids  they  form  less  regular  arcades 
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and  plexuses,  which  present  similar  relations  to  the  tarsal 
plates.  The  arcades  drain  medially  into  the  superior 
ophthalmic  vein,  and  laterally  into  the  superficial  temporal 
and  lacrimal  veins.  The  pre-tarsal  plexus  drains  blood 
from  around  the  tarsal  glands,  ciliary  follicles,  and  free 
border  of  the  lid  ;  the  superficial  venules  of  the  skin  pass 
backwards  between  the  fasciculi  of  the  orbicularis  oculi 
muscle  to  enter  this  plexus,  and  consequently  are  occluded 
in  severe  blepharospasm,  so  causing  transudation  and 
subcutaneous  oedema.  The  retro- tarsal  or  sub-con junctival 
plexus  in  the  upper  lid  drains  into  the  superior  arcade,  and 
thence  into  the  superior  ophthalmic  vein  ;  it  communicates 
with  the  veins  of  the  muscles  of  the  globe,  but  also  with  the 
cutaneous  veins  ;  in  the  lower  lid  the  sub-conjunctival 
veins  pass  entirely  into  the  inferior  ophthalmic  vein,  and 
do  not  communicate  with  the  cutaneous  veins. 

The  lymphatic  vessels  of  the  eyelids,  like  the  blood- 
vessels, are  divided  into  superficial  and  deep  groups,  the 
former  draining  the  skin  and  orbicularis  oculi,  the  latter 
forming  plexuses  in  relation  to  the  tarsal  plates  and  the 
conjunctiva  ;  but  from  a  practical  point  of  view  they  are 
better  divided  into  medial  and  lateral  groups,  which  collect 
into  larger  trunks  and  pass  by  separate  paths  to  different 
lymph  nodes. 

The  medial  group  of  vessels  (which  are  connected  with 
those  of  the  opposite  side  of  the  face)  drains  the  superficial 
parts  of  the  medial  half  of  the  lower  lid,  the  medial  com- 
missure and  medial  end  of  the  upper  lid,  and  by  deeper 
branches  the  conjunctiva  of  the  medial  two-thirds  of  the 
lower  lid,  and  the  lacrimal  caruncle  ;  from  this  field  two 
superficial  and"  two  deep  trunks  follow  the  course  of  the 
facial  vein  to  enter  the  submaxillary  lymph  nodes  close 
beneath  the  lower  border  of  the  mandible.  The  superficial 
vessels  enter  a  node  lying  in  front  of  the  vein,  the  deep  ones 
into  a  node  just  behind  it.  Interruptions  in  the  course  of  the 
vessels  by  either  facial,  infra-orbital,  lateral  nasal,  or  buccal 
nodes  appear  to  be  rare,  according  to  most  observers  ;  the 
writer  has  not  found  any  present  in  his  series  of  dissections. 
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The  lateral  group  of  vessels  drains  a  larger  field  ;  the 
superficial  ones  come  from  the  skin  of  nearly  the  whole  of 
the  upper  and  the  lateral  half  of  the  lower  lid,  the  deeper 
ones  from  the  conjunctiva  of  the  whole  of  the  upper 


Parotid  nodes 


Submaxillary 
nodes 


FIG.  86. — To  illustrate  the  areas  of  the  Skin  and  Conjunctiva  of  the  Eyelids,  which 
drain  by  lateral  and  medial  groups  of  lymph  vessels  into  the  parotid  and  sub- 
maxillary  lymph  glands. 

and  lateral  third  of  the  lower  lid  ;  they  pass  as  three  or 
four  trunks  across  the  upper  part  of  the  cheek  to  enter  the 
upper  superficial  and  deep  parotid  nodes  in  front  of  the  ear, 
the  first  and  chief  regional  gland  being  situated  superficially 
in  the  parotid  gland  at  the  level  of  the  external  acoustic 
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meatus.  Both  these  and  the  submaxillary  nodes  are  con- 
nected with  the  deep  cervical  glands  near  the  junction  of 
the  common  facial  with  the  internal  jugular  vein  (Most, 
1905;  Bartels,  1909;  Dewey,  1920). 

The  deeper  lymphatic  vessels  of  the  lids  form  pre-tarsal 
and  retro-tarsal  or  sub-con junctival  plexuses  which  com- 
municate with  one  another  through  the  thickness  of  the 
tarsal  plate  (Grunert,  1901)  ;  there  is  also  a  rich  plexus  along 
the  convex  border  of  the  plate,  the  presence  of  which  explains 
why  the  conjunctiva  in  this  region  is  more  readily  invaded 
by  pathological  processes.  The  lymph  round  the  tarsal 
glands  passes  into  the  sub-conjunctival  plexus,  the  vessels 
of  which  are  provided  with  valves,  whereas  the  pre-tarsal 
vessels  are  devoid  of  them,  so.  that  the  deep  lymph-flow 
is  towards  the  conjunctiva  and  is  in  the  opposite  direction 
to  the  blood-flow  (Fuchs,  1878).  See  also  p.  201. 

(4)  The  Nerves  of  the  Eyelids.  -  The  nerves  are 
motor,  sensory,  and  sympathetic  ;  the  motor  nerve  is  the 
facial,  and  it  innervates  the  orbicularis  oculi,  corrugator 
supercilii,  and  frontalis  muscles  in  this  region  ;  the  sensory 
nerves  to  the  skin  are  provided  by  numerous  branches  of 
the  trigeminal  nerve ;  the  sympathetic  nervous  system 
supplies  the  involuntary  palpebral  muscles,  the  skin  glands, 
and  the  vessels,  etc. 

The  facial  or  seventh  nerve  (nervus  facialis)  arises  from 
the  facial  nucleus  in  the  lower  part  of  the  pons,  forms  a 
curved  loop  over  the  nucleus  of  the  abducent  or  sixth  nerve, 
and  emerges  on  the  surface  of  the  brain  at  the  lower  border 
of  the  pons  (Fig.  193,  p.  387)  ;  it  then  passes  into  the  opening 
of  the  internal  acoustic  meatus  of  the  temporal  bone  in 
company  with  its  sensory  part,  the  nervus  intermedius,  and 
the  acoustic  nerve  ;  it  traverses  the  facial  canal  or  aqueduct 
of  Fallopius  and  leaves  the  bone  by  the  stylo-mastoid 
foramen  ;  it  passes  on  to  the  face  below  the  external  ear 
and  behind  the  ramus  of  the  mandible,  and  divides  in  the 
substance  of  the  parotid  gland  into  numerous  radiating 
terminal  branches,  which  are  distributed  to  all  the  muscles 
of  the  face  and  the  platysma  of  the  neck.  These  branches 
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are  grouped  into  two  main  divisions  of  the  nerve,  an  upper 
temporo-facial  and  a  lower  cervico-facial  division. 

Of  the  upper  division,  the  temporal  branches  pass 
forwards  and  upwards  over  the  zygoma,  to  be  distributed 
to  the  upper  part  of  the  orbicularis  oculi,  the  corrugator 
supercilii,  and  the  frontalis  muscles,  which  they  enter  from 
the  lateral  side  and  upon  their  deep  surfaces  ;  the  branch 
to  the  upper  part  of  the 
orbicularis  (superior  pal- 
pebral  branch)  runs  a  little 
above  the  lateral  angle  of 
the  eye  and  parallel  to 
the  supra-orbital  margin 
as  far  as  its  mid-line. 
The  zygomatic  branches 
(malar  and  infra-orbital) 
pass  across  the  cheek  to 
supply  the  lower  part  of 
the  orbicularis  oculi  and 
lower  facial  muscles,  the 
chief  branch  running 
along  the  lower  border  of 
the  zygomatic  bone 

(Friteau).  he  mOSt   im-     pic.  87.— Diagram  of  the  main  branches  of  the 

port  ant  innervation  of  the  Facial    Nerve    (from   a    dissection   by 

,    . ,  .  G.    Farmer,    in    the    Oxford   Anatomical 

muscles  round  the  eye  is         Museum). 

i  and  2  are  the  temporal  and  zygomatic  branches 

"hxr      t"hn       +Arrrnr»ra1     respectively  of  the  temporo-facial  division  of  the  nerve  ; 
vy  ictl     3  is  the  cervico-facial  division  with  its  thice  branches, 

rkf      1-Vi/^       facial     buccal,    mandibular,    and    cervical.     The   orbicularis 
id.^id.L     ocuij  muscie  is  outlined  by  a  dotted  line. 

nerve. 

It  may  be  added  that  the  levator  palpebrae  superioris 
is  innervated  by  the  upper  division  of  the  oculomotor  or 
third  nerve,  in  common  with  the  superior  rectus  muscle 
of  the  eyeball. 

All  the  motor  branches  of  the  facial  nerve  communicate 
with  sensory  branches  of  the  trigeminal ;  the  temporal 
branch  with  the  auriculo- temporal,  zygomatico-temporal, 
and  supra-orbital  nerves,  the  zygomatic  branch  with  the 
zygomatico-facial,  infra-orbital,  infra-trochlear  and  nasal 
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nerves  ;   by  the  union  of  the  zygoma  tic  branch  and  infra 
orbital  nerve  an  extensive  sensori-motor  plexus  is  formed 
below  the  infra-orbital  foramen,  which  is  the  most  important 
anastomosis  between  the  facial  and  trigeminal  nerves. 

The  cortex  of  the  brain  is  connected  with  the  motor 
facial  nucleus  by  fibres  proceeding  from  cells  situated  in  the 
lower  third  of  the  praecentral  convolution  (Fig.  190,  p.  377)  ; 
they  traverse  the  genu  of  the  internal  capsule  and  the 
cerebral  peduncle  in  reaching  the  pons.  The  facial  nucleus 
also  receives  fibres  from  the  spinal  tract  or  descending  root 
of  the  trigeminal  nerve  by  means  of  which  the  orbicular 
reflex  path  is  formed  (p.  391)  ;  the  nucleus  is  connected  with 
the  auditory  nerve,  and  also  with  the  visual  and  auditory 
centres,  probably  by  paths  through  the  medial  (posterior) 
longitudinal  fasciculus,  by  means  of  which  the  facial  nerve 
cells  respond  to  impulses  of  sight  and  hearing,  as  shown  by 
the  automatic  closure  of  the  lids  to  a  threatened  blow  or 
loud  sound. 

The  trigeminal  or  fifth  nerve  (nervus  trigeminus)  is  the 
great  sensory  nerve  of  the  face  and  forehead,  and  is  also  the 
motor  nerve  to  the  muscles  of  mastication  ;  its  sensory  part 
consists  of  three  divisions — ophthalmic,  maxillary,  and 
mandibular  (the  last  of  which  contains  also  the  motor  part 
of  the  nerve).  The  ophthalmic  nerve  supplies  the  skin  of 
the  eyelids  and  surrounding  region  by  its  supra-orbital, 
supra-trochlear,  infra-trochlear,  lateral  nasal,  and  lacrimal 
branches  ;  the  maxillary  nerve  contributes  infra-orbital, 
zygomatico-facial,  and  zygomatico-temporal  branches  ;  the 
mandibular  nerve  contributes  no  branches  to  the  palpebral 
region,  and  is  not  related  to  the  orbit,  being  destined  for 
the  muscles  of  mastication,  the  teeth,  and  other  parts  in 
connection  with  the  lower  jaw.  A  description  of  the  origin 
and  course  of  the  trigeminal  nerve  and  its  divisions  will  be 
given  in  connection  with  the  nerves  of  the  orbit  (p.  337), 
but  here  it  may  be  noted  that  all  the  above-mentioned 
terminal  cutaneous  branches  of  the  ophthalmic  and  maxillary 
divisions  have  passed  through  the  cavernous  sinus  and  the 
orbital  cavity  before  reaching  the  face  ;  the  first  group 
(ophthalmic)  enter  the  orbit  through  the  superior  orbital 
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fissure,  are  mostly  related  to  its  roof,  and  pierce  the  septum 
orbitale  at  the  orbital  margin  ;  the  second  group  (maxillary) 
enter  by  the  inferior  orbital  fissure,  are  related  to  the  floor 
and  lateral  wall  of  the  orbit,  and  emerge  on  to  the  face 
through  bony  canals. 

The  cutaneous  areas  supplied  by  the  ophthalmic  and 
maxillary  divisions  of  the  trigeminal  nerve,  as  given  by 
Zander  (1897),  are  shown  in  Fig.  88,  which  demonstrates 
the  areas  of  loss  of  touch  and  of  pain  after  section  of  the 
nerves,  but  he  states  that  the  cutaneous  distribution  is  so 
inconstant  that  he  never  found  two  identical  fields,  even  on 


FIG.  88. — Cutaneous  distribution  of  the  Ophthalmic  (left-hand  figure)  and  Maxil- 
lary (right-hand  figure)  Divisions  of  the  Trigeminal  Nerve,  after  Zander  (1897). 
The  shaded  areas  show  loss  of  touch  and  pain  after  section  of  the  respective 
Note  that  there  is  considerable  overlapping  of  the  areas. 


nerves. 


the  two  sides  of  the  same  head  ;    the  areas  supplied  by  the 
two  nerves  largely  overlap  on  the  nasal  side. 

The  skin  of  the  upper  eyelid  is  mainly  supplied  by  pal- 
pebral  branches  derived  from  the  supra-orbital  branch  of  the 
frontal  (ophthalmic)  nerve,  the  skin  of  the  lower  lid  by  the 
palpebral  branches  of  the  infra-orbital  branch  of  the  maxil- 
lary nerve  ;  the  medial  extremities  of  both  lids  are  supplied 
by  the  supra-  and  infra-trochlear  nerves,  and  the  lateral 
extremities  by  the  lacrimal  nerve,  all  three  of  which  are 
branches  of  the  ophthalmic  (Fig.  176,  p.  342).  The  lacrimal 
nerve  is  stated  by  Frohse  not  to  supply  the  skin  (Quain),  but 
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the  writer  has  several  times  traced  its  cutaneous  branches, 
as  in  Figs.  58,  65.  The  nerves  run  at  first  beneath  the 
orbicularis,  then  traverse  it  to  reach  the  skin  ;  in  each  lid 
a  plexus  is  formed  on  the  face  of  the  tarsal  plate,  from 
which  branches  pass  backwards  through  it  to  supply  the 
tarsal  glands  and  conjunctiva  (Bach,  1895).  The  nerve 
supply  is  especially  abundant  in  the  free  margins  of 
the  lids,  forming  a  "  marginal  plexus  '  (von  Mises,  1882), 
which  is  a  special  sensory  apparatus  connected  with  the 
cilia  ;  terminal  nerve  corpuscles  analogous  to  those  of 


Supra-orbital  'J  I    Frontal 

Supra-trochlear 

Lacrimal   '  BSB^  \   Infra-trochlear 


Zygomatico- 
facial 


Infra-orbital 


FIG.  89. --The  Palpebral  Branches  of  the  Ophthalmic  Nerve  (solid  lines) 
and  of  the  Maxillary  Nerve  (dotted  lines),  right  eye. 


Meissner  and  Krause  have  been  found  present  between  the 
posterior  edge  of  the  lid  margin  and  the  orifices  of  the  tarsal 
glands  (Dogiel,  1895). 

Irritation  or  excitation  of  the  sympathetic  system  in 
the  neck  causes  widening  of  the  palpebral  opening  by  its 
stimulatory  action  upon  the  involuntary  palpebral  muscles, 
and  section  of  the  nerve  causes  a  drooping  of  the  upper 
eyelid  and  narrowing  of  the  fissure  by  relaxation  of  the 
muscles.  The  nerve  fibres  to  these  muscles  may  either 
accompany  the  arterial  twigs  or  be  incorporated  with  the 
nerves  to  the  levator  and  inferior  oblique  muscles. 
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(5)  The  Action  of  the  Muscles  and  movements  of  the 
eyelids.- -The  muscles  which  affect  the  movements  of  the 
eyelids  are  the  orbicularis  oculi,  corrugator  *  supercilii, 
frontalis,  levator  palpebrae  superioris,  and  the  involuntary 
palpebral  muscles.  Their  individual  actions  are  as  follows  : 

The  orbicularis  oculi  is  a  sphincter  muscle,  and  is  seen 
to  act  as  a  whole  in  forced  occlusion  of  the  lids,  as  in  the 
presence  of  strong  light  or  in  protecting  the  eye  from  a 
blow  :  the  palpebral  margins  are  closely  approximated,  the 
skin  is  pursed  up  all  round  the  fissure,  the  eyebrow  is  drawn 
downwards,  and  even  the  cheek  is  raised,  the  zygomaticus 
and  levator  muscles  of  the  upper  lip  participating  in  the 
exaggerated  movement.  (It  is  also  stated  that  in 
strong  contraction  of  the  orbicularis  the  eyeball  is  rolled 
upwards,  and  hence  the  superior  rectus  and  inferior  oblique 
muscles  are  also  thrown  into  action.)  The  muscje  also 
supports  the  orbital  contents  and  prevents  congestion  of 
the  globe  in  such  forced  actions  as  accompany  vomiting, 
straining,  etc.,  in  which  the  intra-  and  extra-ocular  pressure 
is  raised.  In  partial  closure  of  the  lids,  as  occasioned  by  a 
glaring  light,  the  lacrimal  portions  of  the  palpebral  margins 
come  in  contact  over  the  lacus  lacrimalis,  so  that  the  whole 
palpebral  opening  is  much  reduced  in  horizontal  width  as 
well  as  in  height,  as  represented  by  Fig.  90 ;  the  effect, 
however,  is  not  seen  in  childhood,  where  the  curve  of  the 
lacus  lacrimalis  is  relatively  wider. 

As  regards  the  various  subdivisions  of  the  muscle,  a 
distinction  in  their  actions  is  to  be  noted.  A  difference 
between  the  orbital  and  palpebral  parts  of  the  muscle  is 
illustrated  by  the  act  of  holding  an  eyeglass  :  it  is  kept  in 
place  by  the  voluntary  contraction  of  the  pars  orbitalis, 
whilst  the  pars  palpebralis  retains  its  independent  function 
of  moistening  the  surface  of  the  globe  by  involuntary 
periodic  contraction  ;  moreover,  paralysis  of  the  one  part 
may  occur  without  the  other  being  affected,  illustrating 
the  fact  that  a  voluntary  muscle  may  be  paralysed  for  a 
voluntary  action  and  yet  be  perfectly  free  to  act  in  an 
involuntary  action  (Wood  Jones).  In  gentle  voluntary 
closure  the  movement  can  be  confined  to  the  palpebral 
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part,  and  in  the  involuntary  act  of  winking  the  tarsal 
subdivision  alone  contracts.  The  pars  tarsalis  keeps  the 
tarsal  plate  in  close  contact  with  the  globe  (see  p.  150), 
whilst  its  lacrimal  fibres  (Horner's  muscle)  more  especially 
direct  the  puncta  of  the  lacrimal  papillae  backwards  towards 
the  lacus  lacrimalis  in  which  the  tears  collect,  so  that  when 


FIG.  90.— Photograph  showing  the  action  of  the  Orbicularis  Oculi  Muscle  on 
exposing  the  eye  to  glaring  light ;  the  lacrimal  portions  of  the  lid  margins  are 
closely  approximated  by  contraction  of  the  pre-tarsal  fibres,  so  that  the  palpebral 
fissure  is  narrowed  in  the  horizontal  direction  as  well  as  in  the  vertical.  Note 
the  wrinkling  of  the  skin  above  the  head  of  the  eyebrow,  caused  by  the  corrugator 
supercilii  muscle,  and  compare  with  Fig.  47,  p.  109. 

this  part  of  the  muscle  is  inactive  the  lower  lid  tends  to  fall 
away  from  the  surface  of  the  globe,  and  the  condition  known 
as  ectropion  is  produced.  The  effect  of  action  of  this  part 
of  the  muscle  on  the  canaliculi  is  also  referred  to  on 
p.  224.  The  fibres  of  the  muscle  nearest  the  palpebral 
border  (pars  ciliaris)  have  the  important  function  of  keeping 
the  lid  edges  in  close  approximation  to  the  globe,  so  con- 
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trading  the  mouth  of  the  conjunctival  sac  and  preventing 
the  entrance  of  foreign  bodies  ;  these  fibres,  from  their 
close  relation  to  the  terminal  portion  of  the  tarsal  glands, 
may  be  concerned  with  the  secretion  of  the  latter,  and 
those  immediately  overlying  the  bulbs  of  the  cilia  may,  by 
their  pressure  in  contraction,  determine  the  curve  of  the 
outgrowing  eyelashes.  The  orbicularis  is  antagonised  in  its 
palpebral  part  by  the  levator  palpebrae  superioris,  and  in  its 
orbital  part  by  the  frontalis  in  the  upper  eyelid,  and  by  the 
inferior  rectus  and  by  gravity  in  the  lower  lid. 

The  corrugator  supercilii  muscle  acts  in  harmony  with 
the  orbicularis,  drawing  the  eyebrow  downwards,  as  in 
shielding  the  eye  from  strong  light  ;  it  also  draws  the  brow 
towards  the  root  of  the  nose,  and  so  contracts  the  skin  of  the 
forehead  into  vertical  folds  ;  it  is  the  special  muscle  of 
frowning,  an  essentially  human  gesture  to  be  noted  even 
in  the  infant,  though  the  muscle  is  not  peculiar  to  man 
(Darwin,  1872).  Sir  Charles  Bell,  indeed,  ranks  it  as  the 
most  remarkable  muscle  of  the  human  face,  since  frowning 
irresistibly  conveys  the  idea  of  mind  and  gives  the  counten- 
ance an  aspect  of  intellectual  energy. 

The  frontalis  muscle  raises  the  eyebrow  and  throws  the 
skin  of  the  forehead  into  horizontal  folds,  a  movement  that 
may  become  fixed  in  the  aged  ;  as  regards  facial  expression, 
it  is  the  muscle  of  attention  and  astonishment.  It  is 
antagonised  locally  and  moderately  by  the  orbicularis  oculi 
when  it  takes  its  action  from  the  galea  aponeurotica  as  a 
fixed  point  ;  distally  and  more  strongly  it  is  counteracted 
by  the  occipitalis,  the  simultaneous  contraction  of  which 
upon  exaggerated  raising  of  the  eyebrows  can  be  felt  by 
placing  the  hand  on  the  back  of  the  head. 

The  levator  palpebrae  superioris  muscle  is  the  special 
elevator  of  the  upper  eyelid  ;  by  the  contraction  of  its 
muscle  belly  the  transversely-disposed  aponeurosis  is  swung 
backwards  over  the  globe  like  the  vizor  of  a  helmet,  pulling 
with  it  the  skin  of  the  lid  into  which  its  terminal  fibres  are 
inserted,  and  so  deepening  the  superior  palpebral  fold  ;  at 
the  same  time  the  tarsal  plate  is  raised  both  by  the  terminal 
fibres  attached  to  the  lower  part  of  its  face  and  by  the  con- 
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joint  action  of  the  involuntary  palpebral  muscle  inserted  into 
its  margin,  and  the  loose  conjunctiva  of  the  superior  fornix  is 
pulled  up  by  the  fascial  attachment  of  the  levator  muscle 
sheath .  The  levator  acts  in  harmony  with  the  superior  rectus 
muscle  of  the  eyeball,  with  which  it  shares  the  same  nerve 
supply,  though  it  also  acts  independently  of  it,  as  in  winking  ; 
it  can  further  act  in  unison  with  the  frontalis,  as  in  expressing 
astonishment,  and  all  three  muscles  act  together  in  looking 
upwards  in  extreme  excursion  of  the  globe.  The  light  degree 
of  synergy  which  exists  between  the  actions  of  these  muscles 
is  sometimes  used  to  remedy  cases  of  ptosis  by  connecting 
the  eyebrow  and  eyelid  more  closely  together,  and  so  bring- 
ing the  lid  under  direct  influence  of  the  frontalis.  The 
levator  is  antagonised  by  the  palpebral  part  of  the  orbicularis 
oculi  muscle  and  by  gravity.  The  action  of  the  palpebral 
involuntary  muscles  is  to  widen  the  palpebral  fissure  in  the 
vertical  direction. 

The  movements  of  the  eyelids  .--The  lids  are  closed  by 
the  action  of  the  orbicularis  oculi,  the  upper  lid  being  also 
lowered  by  gravity  and  slightly  by  relaxation  of  the  pal- 
pebral involuntary  muscle ;  they  are  separated  by  contrac- 
tion of  the  levator  and  relaxation  of  the  orbicularis.  Since 
the  tone  of  the  orbicularis  is  stronger  than  that  of  the 
levator,  the  lid  is  lowered  in  sleep.  Neither  lid  can  move 
quite  independently  of  the  other,  since  they  are  connected 
at  the  commissures.  The  movements  of  the  globe  are  to 
some  extent  transmitted  to  the  eyelids,  the  lower  lid  appear- 
ing to'  be  pushed  forwards  and  slightly  raised  in  turning  the 
eye  upwards,  though  this  movement  may  be  caused  by  its 
commissural  attachments  to  the  upper  lid.  The  association 
of  these  muscle  movements  is  tabulated  by  Gowers  (1879)  as 
follows  (with  additions)  : 


Looking  down. 

Looking  up. 

Closing  gently. 

Closing  forcibly. 

Orbicularis 
Levator 
Superior  rectus  . 
Interior  rectus  . 

inaction 
relaxation 
relaxation 
contraction 

relaxation 
contraction 
contraction 
relaxation 

contraction 
relaxation 
inaction 
inaction 

contraction 
relaxation 
contraction 
relaxation 
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As  regards  types  of  movement  there  are  three  :  volun- 
tary (as  in  occlusion  with  effort),  automatic  (winking),  and 
reflex  (blinking) .  The  reflex  path  for  automatic  involuntary 
winking  is  from  the  cornea  (naso-ciliary  nerve)  and  con- 
junctiva (infra-trochlear  and  lacrimal  nerves)  by  afferent 
sensory  branches  of  the  trigeminal  nerve  to  the  cerebral 
centres,  and  thence  by  efferent  motor  branches  of  the  facial 
nerve  to  the  orbicularis.  There  are  two  reflex  arcs  in  spon- 
taneous winking  : 

(i.)  Trigemino-facial,  the  reflex  excitable  stimulus  being 
cooling  and  dryness  of  the  cornea  or  touching  of  sensory 
parts. 

(ii.)  Optico-facial,  the  excitable  stimulus  being  strong 
light  or  proximity  to  danger  (Lans,  1901) 

Certain  facts  concerning  the  relation  of  these  muscles  to 
vision  are  of  clinical  interest.  The  frontalis  is  affected  in 
certain  forms  of  imbalance  of  the  muscles  of  the  globe,  and 
a  horizontal  WTinkling  of  the  forehead  is  a  characteristic 
symptom  in  hyperphoria  (the  name  given  to  the  condition 
when  one  pupil  is  higher  than  the  other)  ;'  moreover,  the 
connection  of  the  muscle  by  means  of  the  galea  aponeurotica 
and  occipital  bellies  with  the  deep  fascia  at  the  back  of  the 
head  and  neck  (Fig.  46,  p.  106)  would  explain  the  occurrence 
of  an  occipital  headache,  which  in  some  cases  is  relieved  by 
the  use  of  suitable  glasses,  and  the  relief  of  severe  head- 
aches associated  with  efforts  of  accommodation  of  the  lens 
which  is  said  to  follow  complete  severance  of  the  muscle. 
The  corrugator  contracts  in  the  presence  of  too  strong  a 
light,  in  most  myopic  subjects  in  far  vision,  and  in  nearly 
all  subjects  in  close  work  ;  indeed  one  of  the  symptoms 
of  actual  excessive  accommodation  of  the  lens  is  vertical 
wrinkling  of  the  forehead.  On  such  grounds  the  frontalis, 
orbicularis,  and  corrugator  have  been  grouped  together 
under  the  name  of  (  the  accessory  muscles  of  accommoda- 
tion," and  they  become  of  clinical  importance  in  connection 
with  certain  forms  of  ocular  headache  (Howe,  1907) .  These 
muscles  (which  are  supplied  by  the  facial  nerve)  are  called 
into  action  by  the  efforts  of  the  ciliary  muscle  of  the  lens 
(supplied  by  the  oculomotor  nerve)  which  accompany  exces- 


THE  HUMAN  ORBIT  EYELIDS 

sive  accommodation,  and  corroborative  evidence  of  connec- 
tion between  the  two  sets  of  muscles  supplied  by  the  two 
nerves  is  further  shown  by  the  occurrence  of  cases  of  total 
ophthalmoplegia  (paralysis  of  the  muscles  of  the  globe, 
both  extrinsic  and  intrinsic)  accompanied  by  paralysis  of 
the  frontalis  and  orbicularis  (Aldren  Turner,  1893).  More- 
over, a  differentiation  between  these  muscles  (the  upper 
facial  group)  and  the  rest  of  the  facial  muscles  (the  lower 
group,  comprising  the  muscles  of  the  nose,  cheek,  and 
mouth)  is  indicated  by  the  fact  that  the  former  commonly 
escape  in  facial  nerve  paralysis  of  cortical  origin,  though 
the  peripheral  part  of  the  nerve  supplies  both  groups  of 
muscles  and  all  are  affected  in  paralyses  of  extra-cerebral 
origin. 

Various  explanations  of  the  above  conditions  are  given. 
An  explanation  of  the  headache  is  that  the  ophthalmic 
division  of  the  trigeminal  nerve,  which  supplies  the  skin  of 
the  forehead,  represents  the  sensory  somatic  nerve  of  the 
same  primitive  segment  of  the  neural  canal  from  which  the 
oculomotor  nerve  is  derived,  and  frontal  headache  in  dis- 
orders of  accommodation  is  caused  by  reflex  pain  (Keith, 
1913).  An  afferent  path  from  the  ciliary  region  of  the 
eyeball  to  the  brain  is  afforded  either  by  the  naso-ciliary 
nerve  or  by  the  communicating  branch  which  the  oculo- 
motor nerve  receives  from  the  ophthalmic  nerve  in  the 
cavernous  sinus,  or  by  both ;  in  each  case  the  brain  may 
refer  the  pain  not  to  the  site  of  origin  but  to  some  other 
sensory  field  of  the  trigeminal  (of  which  the  naso-ciliary 
and  ophthalmic  are  branches),  just  as  it  does  in  a  neuralgia 
of  dental  cause,  for  example. 

As  regards  the  synergy  of  action  of  the  upper  facial 
with  the  ciliary  muscles,  whilst  no  actual  branch  of  the 
oculomotor  nerve  has  been  traced  to  enter  the  upper  facial 
group,  it  is  suggested  that  nerve  fibres  destined  for  their 
inner vation,  although  passing  out  of  the  brain  in  the  sub- 
stance of  the  facial  nerve,  either  (i.)  actually  arise  from  cells 
of  the  lower  part  of  the  oculomotor  nucleus  and  then  pass 
via  the  medial  longitudinal  bundle  as  a  "  superior  facial 
nerve,"  to  emerge  as  part  of  the  facial  nerve  itself  (Mendel, 
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1887),  or  (ii.)  arise  from  a  more  dorsally-placed  sub-group 
of  facial  nucleus  cells,  which  is  distinguished  as  a  "  superior 
facial  nucleus,"  and  is  presumably  associated  by  the  same 
bundle  with  the  oculomotor  nucleus  (Bishop  Harman,  1903  ; 
Bruce  and  Pirie,  1908  ;  van  Gehuchten  ;  Quain  ;  Villiger), 
as  illustrated  in  Fig.  193,  p.  387  ;  as  regards  the  escape  of 
the  upper  group  of  facial  muscles  in  a  paralysis,  apart  from 
the  possible  non-implication  of  these  cells  in  a  nuclear  lesion, 
it  is  generally  considered  that  the  superior  facial  nucleus 
receives  a  bilateral  innervation  from  the  motor  centres 
of  both  cerebral  hemispheres,  and  the  muscles  it  supplies 
will  therefore  be  unaffected  by  a  unilateral  cortical  lesion. 

The  phenomenon  of  :  jaw-winking/'  when  there  are 
associated  movements  of  the  jaw  and  eyelids,  may  be  due 
to  some  alteration  of  the  supra-nuclear  connections  of  the 
nerves  (Lutz,  1919  ;  Posey,  Barrel,  and  Natale  also  report 
instances) . 

(6)  The  Development  of  the  eyelids. — The  face  begins 
to  be  developed  towards  the  end  of  the  third  week  of 
foetal  life  ;  about  this  time  five  processes  arise  from  the 
base  of  the  primitive  cerebral  capsule,  and  by  the  end 
of  the  second  month  they  have  completely  united  to  form 
the  facial  part  of  the  head  and  surround  the  stomodaeum 
or  primitive  mouth.  Of  these  five  processes  one,  the 
fronto-nasal,  is  median  in  position,  and  is  composed  of 
symmetrical  right  and  left  halves,  the  others  are  placed 
laterally,  two  on  each  side,  and  are  called  the  maxillary  and 
mandibular  processes  (Fig.  91).  The  fronto-nasal  process 
becomes  subdivided  by  the  appearance  of  two  olfactory 
pits  into  a  median  and  a  lateral  nasal  process  on  each  side. 
The  cleft  between  each  lateral  nasal  and  the  adjacent 
maxillary  process  leads  upwards  to  the  already  developed 
eyelids,  and  is  called  the  naso-optic  groove  ;  in  its  lower 
part  the  naso-lacrimal  duct  is  developed,  and  its  upper  part 
is  continuous  with  the  future  orbit  it  is  obliterated  bv 

*  */ 

fusion  of  the  adjacent  processes  in  the  second  month  of 
foetal  life.  The  parts  of  the  adult  face  derived  from  each 
process  are  shown  in  Fig.  92. 
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The  eyelids  are  formed  in  the  earlier  weeks  of  the  third 
month  of  foetal  life  by  folds  of  epiblast,  which  project  above 
and  below  the  front  part  of  the  eyeball  and  enclose  meso- 
blastic  tissue  in  their  thickness.  The  lower  eyelid  is  derived 
from  the  primitive  maxillary  process  ;  the  upper  eyelid  is 
developed  from  the  fronto-nasal  process  in  two  parts,  medial 
and  lateral,  and  occasionally  in  the  adult  a  notch  on  the 
margin  may  mark  their  point  of  union.  The  epiblast 
on  the  outer  surface  of  the  folds  develops  into  the  skin  of 
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FIG.  91. — Model  of  the  Face  of  an  Embryo  (reconstruction  by  His)  to  show  the 
processes  which  form  it.     The  two  mandibular  processes  have  fused  at  this  stage. 

FIG.  92.  — Showing  the  corresponding  parts  of  the  Adult  Face. 

the  lids,  whilst  that  on  the  ocular  surface  becomes  modified 
into  the  conjunctival  membrane,  which  comes  into  con- 
tact with  the  anterior  surface  of  the  globe  and  is  thus 
continuous  with  the  epiblast  of  the  cornea.  The  edges  of 
the  folds  become  the  palpebral  margins,  and  ingrowths 
from  the  epiblast  in  this  region  into  the  substance 
of  the  lids  form  the  ciliary  follicles  and  the  tarsal  and 
other  glands,  which  are  all  therefore  ectodermal  in  origin. 
From  the  mesodermal  tissue  enclosed  between  the  skin- 
folds  there  are  developed  the  orbicularis  oculi  muscle, 
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tarsal  plates,   vessels,   and   connective,    elastic,  and   fatty 
tissues. 

About  the  beginning  or  middle  of  the  third  month  (that 
is,  as  observed  in  an  embryo  of  31  mm.  by  Ask,  1908)  the 
edges  of  the  lids  meet,  adhere,  and  do  not  separate  until 
the  end  of  the  sixth  month  ;  the  fusion  begins  at  the  two 
extremities  of  the  palpebral  fissure,  and  was  seen  quite 
complete  in  an  embryo  of  37  mm.  (Contino,  1907)  ;  it  is 
after  the  fusion  of  the  lids  that  the  epiblast  on  their  deep 
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FIG.  93. — Developing  lid  margins  at  the  time  of  separation  in  a  foetus  of 
225  mm.  A  tarsal  gland  (G. )  and  an  eyelash  (E. )  with  glands  of  Zeis  (Z. )  and 
Moll  (M. )  are  seen  in  each  lid,  and  the  subdivisions  of  the  pars  marginalis  of  the 
orbicularis  oculi  muscle  (m. )  are  shown.  (Contino,  1907.) 

surfaces  becomes  modified  into  the  conjunctiva.  The 
separation  of  the  eyelids  begins  at  the  end  of  the  fifth  month 
on  the  nasal  side,  and  is  affected  by  a  process  of  cornification 
of  the  fused  edges,  aided  by  the  pressure  of  the  growing 
eyelashes  and  secretion  of  the  glands  (Fig.  93)  ;  the  actual 
date  of  separation  presents  individual  variations,  and 
Oppenheimer  records  a  case  where  it  was  not  complete  at 
term,  a  condition  which  is  normal  in  kittens,  rabbits,  and 
mice.  The  details  of  the  development  of  the  lid  margin 
will  be  found  in  articles  by  the  authors  quoted  above, 
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and  the  comparative  anatomy  of  the  lids  has  been  specially 
studied  by  Eggeling  (1904). 

The  tarsal  or  meibomian  glands  begin  to  develop  in 
the  embryo  at  about  eleven  to  twelve  weeks,  arising  as  inward 
buddings  from  the  epithelium  of  the  posterior  edges  of  the 
fused  margins  of  the  lids  ;  those  of  the  upper  lid  exceed  the 
lower  ones  in  length  only  after  the  middle  of  embryonic 
life.  The  glands  of  Zeis  and  Moll  arise  as  pouchings  out 
of  the  basal  cells  of  the  Anlage  of  the  cilia  at  about  three 
months.  The  tarsal  plates  appear  as  a  condensation  of 
mesoderm  at  ab'out  ten  weeks,  but  develop  more  clearly 

when  the  secretory 
activity  of  the  tarsal 
glands  is  established. 
The  septum  orbitaleand 
aponeurosis  of  the  leva- 
tor  palpebrae  superioris 
begin  to  be  differenti- 
ated from  mesoblastic 

tissue     at     about     six 

FIG.    94.  --  Development    of    the    Lacrimal  months        Thp     nrhirn- 
Caruncle.     Scheme  of  the  modification  pro-  S  ' 

duced  in  the  medial  part  of  the  Eyelids  by  laris      appears       at      ten 

the  growth  of  the  Lacrimal  Canaliculi  ;  the  WPPkc       on/|     ifc     rilianr 

lower  one  cuts  off  a  part  of  the  lid  margin  WC  'KS>     alld 

which  becomes  the  lacrimal  caruncle.     The  bundle    IS    Separated  off 


ingrowing  bulbs 

sake  of  more  clearly  representing  the  meibo-     of      the       eyelashes       at 
mian   glands    (the   vertical   lines).       (From  i  i  T-I        j 

Ask,  1908.)  twelve  weeks.  The  de- 

velopment of  the  vessels 

of  the  lids  has  been  studied  by  Engel,  of  whose  work  a 
resume  is  given  by  Picou  (1912). 

The  lacrimal  caruncle  appears  immediately  after  the 
fusion  of  the  lids,  and  is  formed  from  the  medial  end  of  the 
lower  lid  margin  by  a  portion  being  cut  off  in  the  develop- 
ment of  the  inferior  lacrimal  canaliculus  (Fig.  94).  Hence 
the  caruncle  is  not  developed  in  animals,  such  as  the  pinni- 
pedes,  which  have  no  lacrimal  passages  (Broman  and  Ask, 
1910).  It  is  definitely  isolated  in  about  five  days,  when  its 
ectodermal  covering  becomes  modified,  as  does  its  meso- 
dermal  body.  In  many  animals,  as,  for  example,  in  the 
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calf,  it  retains  a  cutaneous  formation  and  is  still  connected 
with  the  lid  margin  by  a  bridge  of  skin,  a  primitive  condition 
that  has  been  seen  to  persist  in  man  (Peschel,  1903).  Its 
cutaneous  origin  is  also  shown  by  the  occasional  presence  of 
small  papillomata. 

(7)  The  congenital  abnormalities  of  the  eyelids  are 
explained  by  reference  to  the  above  short  account  of  the 
development.  Only  chief  examples  are  here  noted ;  and 
for  further  details  the  reader  should  consult  the  articles  by 
Lang  and  Treacher  Collins  (1900),  and  Hardy  (1914). 

(i.)  The  eyelids  may  be  absent,  when  the  conjunctiva 
fails  to  develop  and  the  front  of  the  globe  is  covered  by 
skin  ;  all  the  lid  appendages,  including  the  lacrimal  gland 
and  passages,  are  absent  in  the  condition  known  as  crypt- 
ophthalmia  ;  part  of  either  lid  may  be  absent,  but  the 
deformity  usually  affects  the  medial  part  of  the  upper  lid. 

(ii.)  The  margin  of  either  lid  may  be  notched  of  fissured, 
sometimes  up  to  the  orbital  margin,  and  more  commonly 
on  the  nasal  side  of  the  upper  lid  ;  the  deformity  may  be 
caused  by  imperfect  descent  or  union  of  the  embryonic 
processes,  and  is  called  a  coloboma  of  the  eyelid.  Associated 
with  it  there  is  frequently  found  a  small  nodule  of  skin  on 
the  surface  of  the  globe,  forming  a  congenital  mole  or  dermoid 
of  the  bulbar  conjunctiva  ;  this  nodule  does  not  represent 
a  detached  part  of  the  skin  which  should  have  filled  the  gap 
in  the  eyelid,  but  is  an  islet  of  the  embryonic  skin-fold  over 
the  eyeball  which  has  not  become  metamorphosed  into 
conjunctiva  owing  to  its  exposed  position  (Fisher). 

(iii.)  The  palpebral  fissure  may  be  wider  than  usual 
(lagophthalmos).  a  condition  that  has  been  found  to  be  a 
congenital  malformation  in  four  generations  by  Peters  ;  on 
the  other  hand,  the  fissure  has  been  seen  narrowed  by 
incomplete  separation  of  the  margins  (Hoeve),  or  the  lids 
may  even  be  completely  united  by  vascularised  tissue,  the 
prenatal  separation  not  having  taken  place,  causing  the 
condition  known  as  ankyloblepharon. 

(iv.)  Dermoid  cysts  may  occur  at  the  inner  angle  of  the 
eye  or  even  within  the  orbit,  but  more  commonly  develop 
near  the  tail  of  the  eyebrow  (one  of  the  favourite  sites  chosen, 
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curiously  enough,  for  the  affixation  of  a  '  beauty  spot  ")  ; 
they  lie  beneath  the  orbicularis  oculi  muscle,  and  may 
hollow  out  the  frontal  bone,  or  even  be  connected  with  the 
dura  mater  lining  of  the  skull  by  an  opening  through  it ; 
they  are  caused  by  an  inclusion  of  epiblast  between  the 
growing  bones  ;  occasionally  they  are  present  in  the  middle 
of  the  upper  eyelid,  where  the  two  parts  from  which  it  is 
formed  fuse,  but  here  they  have  no  deep  connections. 

(v.)  The  muscles  of  the  lids  may  fail  to  develop,  and 
congenital  ptosis  results.  The  superior  rectus  is  not  un- 
commonly defective  as  well  as  the  levator.  The  condition 
may  be  hereditary,  and  Briggs  (1919)  reports  sixty-four 
such  cases. 

(vi.)  A    reduplication    of    the    conjunctival    membrane 
lining  the  upper  tarsal  plate,  known  as  the  "  epitarsus  ' 
or  "  double  tarsus,"  is  described  on  p.  203. 

Abnormalities  of  the  orbicularis  oculi  muscle  are  given 
on  p.  130,  and  of  the  levator  palpebrae  superioris  on  p.  144. 

A  reduplication  of  the  caruncle  has  been  recorded  by 
Stephenson  (1896)  ;  a  case  of  a  "  supernumerary  eyelid," 
formed  by  an  outgrowth  of  the  caruncle  and  containing 
both  palpebral.  and  caruncular  elements,  is  reported  by 
Shoemaker  (1914). 

3.  THE    CONJUNCTIVA 

The  conjunctiva  (tunica  conjunctiva)  is  the  mucous 
membrane  lining  the  posterior  surface  of  the  eyelids  and 
reflected  from  them  on  to  the  anterior  face  of  the  eyeball, 
thus  forming  a  union  between  the  lids  and  globe.  In  its 
entirety  the  membrane  forms  the  "  conjunctival  sac,"  the 
mouth  of  which  is  bounded  by  the  free  margins  of  the  lids 
and  so  corresponds  to  the  palpebral  fissure,  but  the  walls 
are  in  the  closest  apposition  throughout,  and  the  sac  is 
only  a  potential  one.  At  the  lid  margin  it  is  continuous 
with  the  skin  through  a  transitional  zone  common  to  both 
layers.  It  lines  the  ocular  surfaces  of  the  tarsal  plates  and 
extends  some  short  distance  beyond  their^peripheral  limits 
into  the  supra-  and  infra-tarsal  regions  before  being  reflected 
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on  to  the  globe  ;  the  fold  of  reflection  forms  a  circular 
cul-de-sac  round  the  globe  known  as  the  conjunctival/orm%. 
The  membrane  becomes  smoother  as  it  passes  over  the  front 
of  the  eyeball,  and  over  the  cornea  it  is  structurally  con- 
tinuous with  and  is  represented  by  its  epithelium.  On  the 
medial  side  of  the  globe  it  forms  a  fold  called  the  plica 
semilunaris  conjunctivae.  The 
ducts  of  the  lacrimal  glands 
open  into  the  upper  lateral 
region  of  the  conjunctival 
sac,  and  on  the  medial  side 
the  puncta  lacrimalia  lead 
from  it  into  the  lacrimal 
passages,  through  which  the 
tears  are  drained  into  the  nose. 
The  conjunctiva  is  a  con- 
tinuous membrane  through- 
out its  whole  extent,  but 
since  it  presents  special  char- 
acters and  relations  in  differ- 
ent regions,  it  is  divided 
topographically  into  : 

(i.)  The  palpebral  con- 
junctiva, lining  the 
eyelids  ; 

(ii.)   The    conjunctiva   of 
the    fornix,    in    its 
fold  of  reflection ; 
(iii.)  The  bulbar  conjunc- 


FIG.  95. — Scheme  of  a  sagittal  section 
through  the  Eyelids  and  Eyeball  to 
show  the  Conjunctival  Sac  and  the 
position  of  its  Glands  (after  Dubreuil, 
1908). 

S.F.,  I.F.  are  the  superior  and  inferior  fornices 

tiva,    covering    the  rSevely;  LAC = th-e  la-crimal-glan-d  -?roper; 
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accessory  lacrimal  glands  of  Krause, 
and  W.  =  those  of  Wolfring;  H.  =  the  crypts  of 
Henle  ;  M.  =  the  "glands  "  of  Manz. 


(iv.)  The  plica  semilunaris. 

The  palpebral  and  bulbar  portions  of  the  membrane  are 
fixed,  but  where  it  forms  the  plica  and  in  the  region  of  the 
fornix  it  is  mobile. 

(i.)  The  palpebral  conjunctiva  (tunica  conjunctiva  palpe- 
brarum)  is  more  vascular  than  the  rest  of  the  membrane, 
and  its  condition  is  referred  to  as  a  sign  in  anaemia  ;  it  is 
smooth  and  intimately  adherent  to  the  posterior  faces  of  the 
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tarsal  plates,  the  meibomian  glands  of  which  can  be  seen 
through  it  on  everting  the  lids  ;  a  slight  groove,  "  the 
subtarsal  sulcus,"  in  which  foreign  bodies  commonly  lodge, 
may  exist  a  short  distance  from  the  lid  margin,  and  minute 
folds  can  be  seen  on  this  surface  by  the  aid  of  a  lens  (Quain) . 
At  the  puncta  lacrimalia  the  membrane  is  directly  continuous 
with  the  lining  of  the  lacrimal  passages,  and  through  them 
with  the  nasal  mucous  membrane,  an  important  continuity 
of  structure  in  view  of  the  spread  of  infection  from  one 
region  to  the  other.  Near  the  convex  border  of  the  tarsal 
plate  the  surface  presents  a  network  of  grooves  limiting 
minute  islets,  the  zone  of  plateaux  and  grooves  described  by 
Virchow  (1905)  ;  the  same  author  states  that  the  surface 
of  the  membrane  over  the  plates  is  covered  by  papillae,  but 
their  presence  is  denied  by  others.  Beyond  the  borders  of 
the  tarsal  plates  the  palpebral  conjunctiva  of  the  supra- 
and  infra-tarsal  regions  is  looser,  being  thrown  into  horizontal 
folds,  which  are  folds  of  movement  since  they  only  appear 
after  birth  and  become  effaced  in  occlusion  of  the  lids  ;  the 
membrane  is  here  related  on  its  deep  surface  to  the  involun- 
tary palpebral  muscles.  In  the  lateral  region  in  the  upper 
lid  there  rests  upon  it  the  palpebral  lobe  of  the  lacrimal 
gland,  the  ducts  of  which  pierce  it. 

(ii.)  The  conjunctival  fornix  (Latin,  fornix,  a  vault  or 
arch)  is  the  circular  cul-de-sac  formed  by  the  fold  of  reflection 
of  the  membrane  from  the  eyelids  on  to  the  globe  ;  its  exact 
limits  are  somewhat  indefinite,  but  in  the  different  regions 
it  is  referred  to  as  the  superior,  inferior,  lateral,  or  medial 
fornix.  The  distances  from  the  orbital  margin,  corneal 
limbus,  and  lid  edges  are  given  in  Fig.  96,  though  great* 
individual  differences  occur. 

The  superior  conjunctival  fornix  corresponds  nearly 
with  the  superior  palpebral  skin-fold,  but  may  lie  at  a  higher 
level ;  the  centre  of  the  inferior  fornix  is  about  6  mm.  above 
the  bend  of  the  orbital  margin  ;  on  the  medial  side  the  plica 
semilunaris  and  caruncle  lie  in  the  fornix  between  the  palpe- 
bral and  bulbar  conjunctivae.  The  membrane  in  the  region 
of  the  fornix  is  thicker  and  more  loosely  disposed  than 
elsewhere,  being  thrown  into  folds  when  the  eye  is  opened. 
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and  allowing  the  globe  to  move  freely  independent  of  the 
lids  ;  its  looseness  also  allows  it  to  be  easily  raised  by 
subjacent  infiltrations.  It  is  surrounded  by  connective 
tissue  or  "  retinacula,"  formed  by  expansions  of  the  fascial 
sheaths  of  the  recti  muscles  of  the  eyeball  and  containing 
smooth  muscle  fibres  (Charpy,  1912),  so  that  its  folds  are 
drawn  back  and  its 
recess  is  deepened  by 
the  action  of  these 
muscles  in  turning 
the  globe.  If  an  in- 
strument be  thrust 
through  the  summit 
of  the  superior  fornix 
it  will  lie  in  the  plane 
between  the  levator 
and  superior  rectus 
muscles,  but  will  im  - 
pinge  on  the  mass  of 
connective  tissue  by 
means  of  which  their 
fused  fascial  sheaths 
are  attached  to  it, 
as  can  be  seen  in 
Figs.  61  or  67.  c 

TVirrmcrVi    tVip>  infprinr    FIG.    96. — Diagrams  to  show  the  distance  in  milli- 

HlvJLlcLll      L11C    1  111 Cl  lA-H  ..     .         — fc         .  ..        «    T^  * 

metres  of  the  Conjunctiva!  Fornix  : — 

fornix  the  instrument       A  From  the  orbital  margin  (figures  according  to  Geriach). 

wrmlrl     cfrilrp     fV\p»    in  B.    From  the  palpebral  margins  with  the  eye  open  (figures 

as  given  by  Baker). 
f^rirkr  nVklimif   mncr'lp'  C.    From  the  palpebral  fissure  (eye  closed)  (after  Henle, 

Dwight,  Charpy,  Kichet). 

covered  by  a  fascial      D-  F3™k2?  corneal  margil1  (as  given  l)y  Testut  and 

expansion  prolonged  The  conjunctiva  is  indicated  in  each  case  by  the 
from  the  inferior  heavier  outline. 

rectus  muscle.  In  the  diagonal  regions  of  the  fornix,  that 
is,  in  the  intervals  between  the  muscle  sheath  expansions, 
the  connective  tissue  behind  the  membrane  abuts  on  the 
orbital  fat,  and  it  is  through  these  areas  of  less  obstruc- 
tion that,  according  to  Charpy,  artificial  injections  within 
the  orbital  cavity  reach  the  fornix,  and  can  then  extend 
beneath  the  bulbar  conjunctiva  nearly  up  to  the  corneal 
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margin ;  it  is  along  these  paths  that  the  large  sub- 
con  junctival  ecchymoses  due  to  haemorrhage  into  the 
orbit  following  a  fractured  skull  travel  (see  also  p.  298). 

(iii.)  The  bulbar  conjunctiva  (tunica  conjunctiva  bulbi) 
is  that  part  of  the  membrane  which  is  reflected  on  to  the 
anterior  face  of  the  globe,  of  which  it  covers  approximately 
one-third  ;  it  consequently  presents  a  scleral  and  a  corneal 
portion.  The  conjunctiva  covering  the  sclera  is  thinner  and 
less  vascular  than  in  either  the  palpebral  or  fornical  regions, 
so  thin,  indeed,  that  the  white  of  the  eye  shows  through  it, 
and  sub-conjunctival  haemorrhages  in  this  region  retain 
their  red  colour,  the  oxygen  in  the  air  enabling  the  blood 
to  maintain  its  arterial  character  (Treves).  It  is  separated 
from  the  globe  by  the  anterior  part  of  the  fascia  bulbi 
(capsule  of  Tenon),  with  which  it  blends  as  it  approaches  the 
corneal  margin,  the  junction  of  the  two  membranes  taking 
place  about  3  mm.  away,  and  being  sometimes  marked  by  a 
slight  ridge,  which  is  more  apparent  in  certain  ophthalmic 
catarrhs.  In  consequence  of  their  union  these  two  layers, 
bulbar  conjunctiva  and  anterior  part  of  the  fascia  bulbi, 
are  raised  together  in  exposing  the  scleral  surface  of  the 
globe  and  the  recti  muscle  tendons,  and  the  capsule,  filled 
with  delicate  episcleral  tissue,  is  opened  into  (Fig.  142, 
p.  265,  and  Fig.  97,  below).  At  the  sclero-corneal  junction 
the  fascia  bulbi  ceases,  but  the  conjunctiva,  now  reduced 
to  its  epithelial  layer  only,  passes  on  to  become  directly 
continuous  with  the  epithelium  covering  the  face  of  the 
cornea,  which  thus  forms  the  corneal  portion  of  the  bulbar 
conjunctiva.  This  direct  continuity  of  the  epithelium  of 
the  bulbar  conjunctiva  with  that  of  the  cornea  explains 
the  spread  of  disease  from  one  part  to  the  other. 

(iv.)  The  plica  semilunaris  conjunctivas  is  a  narrow  fold 
of  the  bulbar  conjunctiva,  situated  in  the  medial  angle  of 
the  eye  on  the  lateral  side  of  and  deep  to  the  caruncle, 
together  with  which  it  intervenes  between  the  bulbar  and 
palpebral  conjunctivae,  and  forms  the  floor  of  the  lacus 
lacrimalis.  It  is  vertically  elongated  and  crescentic  in 
form,  with  the  concave  and  free  border  directed  towards 
and  projecting  a  little  over  the  globe  ;  its  lower  horn  reaches 
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the  middle  of  the  inferior  fornix,  the  upper  is  not  quite  so 
long  ;  its  extent  and  connection  with  the  bulbar  conjunctiva 
is  made  manifest  by  turning  the  eye  laterally.  It  first 
appears  in  the  upper  lid  in  embryos  of  18  mm.  long  (Popoff, 
1912),  is  relatively  large  in  the  foetus,  and  is  well  developed 
in  infancy  ;  usually  it  is  about  2  mm.  broad,  but  in  one 
Malay  tribe  it  is  found  5  mm.  broad  ( Wiedersheim) .  In 
structure  it  resembles  the  rest  of  the  conjunctiva,  but  in 
its  base  or  adherent  border  is  embedded  a  fatty  lobule, 
and  some  smooth  muscle  fibres  are  present,  vestiges  of  the 
lateral  palpebral  muscle  detached  from  the  medial  rectus  ; 
these  fibres  are  striated  in  marine  mammals  (Groyer).  In 
ruminants,  anthropoids,  and  most  mammals  it  contains  a 
plate  of  hyaline  cartilage,  and  a  small  nodule  has  been  found 
in  Negroes  (in  12  out  of  16  by  Giacomini),  in  Japanese  (25 
per  cent  by  Adachi),  in  Caucasians  (3  out  of  548  by 
Giacomini),  and  very  rarely  in  Europeans  (5  out  of  1096  by 
Testut).  The  vestiges  of  glands  which  may  be  found  in 
the  plica  semilunaris  are  described  on  p.  198. 

The  Structure  of  the  conjunctiva : — Like  other  mucous 
membranes,  it  consists  of  two  main  layers,  a  surface  epi- 
thelium, with  a  connective  tissue  basis  or  tunica  propria  ;  its 
special  features  are  the  scantiness  of  the  mucous  secretion 
and  the  presence  of  large  serous  lacrimal  glands.  The 
epithelium  is  composed  of  several  layers  of  cells  limited  by 
a  basement  membrane  ;  the  cells  are  stratified  squamous  in 
character  at  the  lid  borders,  like  the  epidermis  with  which 
they  are  continuous  ;  in  the  palpebral  region  and  fornix 
they  are  columnar  or  cylindrical  in  two  or  three  layers, 
with  islands  of  cuboid  cells  among  them  over  the  tarsal 
plates ;  in  the  bulbar  region  they  gradually  assume  a 
squamous  formation  as  the  cornea  is  approached,  and  they 
then  form  the  stratified  pavement  epithelium  of  its  surface, 
some  5  cells  deep.  Clear  oval  mucous  secretory  or  goblet 
cells  are  normally  present  (Leedham  Green,  1894),  especially 
in  the  bulbar  region  and  fornix,  where  they  may  be  aggre- 
gated to  resemble  glandular  crypts,  but  they  are  rarer  in 
the  palpebral  conjunctiva  and  absent  towards  the  lid  margins. 
Pigment  granules  occur  in  the  deeper  cell  layers  of  the  bulbar 
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conjunctiva,  especially  near  the  corneal  margin  in  the 
triangular  space  of  the  bulbar  surface  exposed  to  light  by 
the  opening  of  the  palpebral  fissure  ;  here  they  may  even 
form  pigment  spots  (Pergens,  1898  ;  Coppez,  1905  ;  Fischer, 
1905  ;  Kusel,  1907),  as  found  in  Negroes,  Indians,  Chinese, 


FIG.  97. — Section  through  the  Lower  Eyelid  and  part  of  Globe.      In  the  inferior 
conjunctival  fornix  there  are  seen  the  folds  or  crypts  described  as  "glands  "  by 
Henle  (see  Fig.  100  for  enlarged  view). 
C.  =  cornea  ;  S.  =  sclera  ;  T.  =  the  anterior  part  of  the  fascia  bulbi  or  capsule  of  Tenon. 

and  Japanese  ;  they  are  also  present  in  the  palpebral  conjunc- 
tiva of  trachomatous  subjects  (Steiner,  1906).  Hiwatari 
(1921)  finds  pigment  also  in  the  corneal  margin  itself. 
The  tunica  propria  corresponds  to  the  dermis  or  chorion  of 
all  the  integuments  ;  it  is  reduced  over  the  tarsal  plates, 
well  developed  in  the  fornix,  and  absent  over  the  cornea, 
and  consists  of  a  thin  adenoid  layer  beneath  the  epithelium 
and  a  thick  fibrous  deeper  layer  with  an  abundance  of  elastic 
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tissue.  The  adenoid  layer  is  loose  in  texture,  and  is  invaded 
throughout  by  white  corpuscles,  though  less  freely  in  the 
bulbar  part  ;  this  lymphatic  infiltration  is  especially  abun- 
dant in  the  region  between  the  convex  border  of  the  tarsal 
plates  and  the  fornix,  and  principally  towards  the  com- 
missures of  the  lids,  where  it  is  concentrated  to  form  lymph 
nodules  (noduli  lymphatici  con junctiv ales) ,  termed  "  trachoma 
glands '  by  Henle.  Papillae  of  the  dermis  occur  in  a 
circum-corneal  zone  of  about  2  mm.  broad  (Villard,  1896  ; 
Nakagawa,  1903  ;  Virchow,  1905  ;  but  denied  by  Hiwatari, 
1921),  and  near  the  margins  of  the  lids,  but  the  appearance 
of  papillae  described  elsewhere,  as  by  Virchow  in  the  tarsal 
region,  may  only  be  due  to  circumscribed  islets  of  mucous 
membrane.  The  deeper  fibrous  layer  of  the  dermis  is  not  a 
true  constituent  of  the  mucous  membrane,  being  really  formed 
by  sub-conjunctival  connective  tissue,  reinforced  in  the  pal- 
pebral  region  and  fornix  by  fascial  expansions  of  the  sheaths 
of  the  levator  and  recti  muscles,  and  in  the  bulbar  region  by 
the  anterior  part  of  the  fascia  bulbi ;  it  does  not  exist  in 
the  tarsal  region.  Near  the  corneal  margin  the  adenoid 
layer  of  the  bulbar  conjunctiva  is  absent,  that  membrane 
being  represented  by  its  epithelium  only,  supported  by  the 
fascia  bulbi.  The  comparative  histology  of  the  conjunctiva 
is  given  by  Zeitschmann  (1904). 

The  glands  of  the  conjunctiva  are  either  lacrimal  glands 
of  various  degrees  of  development  or  simple  epithelial 
formations  ;  the  true  glands  comprise  : 

(i.)  The  lacrimal  gland  proper  (glandula  lacnmalis),  the 
large  mass  in  relation  to  the  upper  lateral  region  of  the 
fornix,  which  will  be  described  in  accordance  with  custom 
as  part  of  the  lacrimal  apparatus  (p.  204). 

(ii.)  The  accessory  lacrimal  glands  (glandulae  lacrimales 
accessoriae) ,  which  are  smaller  and  are  found  in  the  fornix 
elsewhere  ;  they  are  sometimes  referred  to  as  the  glands  of 
Krause,  Wolf  ring,  and  Ciaccio. 

The  glands  of  Krause  (1854)  are  microscopic  acino- 
tubular  glands  or  single  acini  scattered  along  the  con- 
junctival  fornix,  especially  laterally,  where  they  are  more 
numerous  in  the  upper  eyelid  (8  to  20,  or  even  42  according 
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to  Parsons)  than  in 
the  lower  (2  to  8). 
These  are  doubtless 
what  is  meant  by  the 
glandulae  mucosae 
KrauseioiiheR.N.A. 
terminology,  though 
they  are  not  mucous 
glands.  Those  de- 
scribed by  Wolfring 
(1872)  and  Ciaccio 
(1874)  are  similar 
•  acino-tubular  glands 
T  ~.  situated  along  the 

FIG.    98. — The  Accessory  Lacrimal  Glands  of 

Krause  (K.)  and  of  Wolfring  (W. )  as  figured  by      middle  OI   :he  COnVCX 
Terson  (1903). 


border  of  the  tarsal 


plates  close  to,  and  even  be- 
tween, the  upper  extremities 
of  the  tarsal  glands  ;  they 
are  larger,  but  fewer  in 
number,  than  those  of 
Krause,  being  from  2  to  5 
in  the  upper  lid,  with  rarely 
a  single  one  in  the  lower 
(Terson).  All  these  acces- 
sory lacrimal  glands  are 
structurally  identical  with 
the  lacrimal  gland  proper, 
and  differ  only  in  possess- 
ing large  sinuous  excretory 
canals.  Hocevar  (1900)  de- 
scribed '  sterile  tacrimal 
glands"  without  ducts  in  the 
same  region. 

The  '  glands '  described 
by  Henle  (1853)  in  the  pal- 
pebral  conjunctiva  of  both 
lids  between  the  edges  of  the 
tarsal  plates  and  the  fornix 


FIG.  99. —  An  Accessory  Lacrimal 
Gland  (gland  of^Krause),  from  the 
conjunctival  fornix  of  the.  upper 
eyelid,  x  60. 
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appear  to  be  simple  epithelial  invaginations ;  Zaluskowski 
(1887),  Ciaccio,  and  Reich  (1875)  consider  them  "  mucous 
glands  '  formed  of  goblet  cells,  but  many  authors  regard 
them  not  as  true  glands  but  as  folds  of  the  conjunctiva 
seen  in  transverse  section  (Stieda,  Waldeyer,  Krause,  Sat  tier, 
Terson),  and  they  are  well  named  '  conjunctival  crypts  " 
by  Dubreuil  (1908). 


FIG.  loo. — Conjunctival  Crypt,  sometimes  described  as  a  "gland  of  Henle," 
or  "  mucous  gland  of  Reich."     Magnified  from  Fig.  97. 

Similarly  the  '  glands  of  Manz  '  (1859)  are  utricular 
formations  in  the  circum-corneal  region  of  the  bulbar 
conjunctiva,  described  by  him  in  the  pig,  and  since  found 
in  other  animals  ;  they  are  not  hollow  diverticula,  but 
resemble  crypts  filled  with  epithelial  cells  ("  epithelial 
nests")  in  the  dermis  ;  they  are  said  to  exist  in  man  by 
Stromeyer,  Henle,  and  Ciaccio,  and  more  recently  by 
Bartels  (1908),  and  they  have  been  thought  to  be  con- 
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nected  with  trachoma,  but  their  presence  and  function  is 
uncertain. 

The  position  of  these  various  glands  in  the  conjunctiva 
is  shown  in  Fig.  95,  as  given  by  Dubreuil  (1907-8),  who  has 
made  a  special  study  of  the  lacrimal  glands  in  man  and 
animals. 

(iv.)  In  addition  there  have  been  described  in  the  plica 
semilunaris  of  the  human  foetus,  and  as  persisting  in 
extremely  rare  cases  in  the  adult,  vestiges  of  glands  found 
normally  in  lower  animals.  The  plica  semilunaris  corre- 
sponds to  the  third  eyelid  of  lower  vertebrates  and  the  nicti- 
tating membrane  of  birds  and  reptiles,  and  in  all  cases 
where  the  membrane  is  well  developed,  as  in  birds,  ruminants 


Kplttt   conj. — 


^*--^«rf^i->.V-'?^iC^>?.-:^3«. v/<^/-l   : 
TUtu 


FIG.  101. — Epithelial  Nests  at  the  Sclero-Corneal  Junction,  sometimes  described 
as  the  "glands  of  Manz,"  as  figured  by  Druault  (1912),  from  a  seven  months' 
foetus.  x  about  55. 

large  and  small,  pigs,  carnivores,  and  rabbits  (Law,  1905), 
there  is  found  a  special  acino-tubular  gland  which  secretes 
a  fatty  substance  ;  this  gland  was  first  discovered  by  Harder 
in  1694,  and  has  recently  been  investigated  by  Lowenthal 
(1892)  ;  a  rudiment  of  this  gland  was  found  in  a  case  of 
malformation  in  man  (Fleischer,  1907),  and  also  in  a  Bush- 
man (Giacomini),  and  both  Ask  and  Contino  consider  that 
a  glandular  organ  which  appears  in  the  plica  semilunaris  of 
the  human  embryo  towards  the  eleventh  week  but  usually 
disappears  about  the  eighth  month  is  a  transitory  form  of 
Harder 's  gland,  and  that  in  rare  cases  it  may  persist  in 
the  adult. 

Finally,  the  so-called  "  infra-orbital  gland  "  of  lower 
animals  such  as  the  sheep  and  the  rabbit,  which  is  an  acino- 
tubular  gland  of  the  lacrimal  type  but  phylogenetically 
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more  ancient,  is  said  to  be  represented  in  the  infero-lateral 
fornix  of  the  human  foetus  of  17  cms.  (Lowenthal,  1892, 
1894,  1910).  Probably  this  'infra-orbital  gland  '  is  only 
one  of  the  outlying  accessory  lacrimal  glands  of  Krause,  as, 
indeed,  Popoff  (1912)  considers  any  rudiments  of  glands 
occurring  in  the  human  plica  to  be,  and  in  regard  to  their 
various  positions  the  diagram  shown  in  Fig.  102  of  the 
phylogenetic  migration  of  the  lacrimal  gland  proper,  as 
given  by  Wiedersheim,  is  of  interest  (see  also  p.  219). 

The  vessels  :  The  arterial  supply  for  the  greater  portion 

>f   the   conjunctiva  is 

lerived  from  the  two 
tarsal  arcades  formed 

»y     the      palpebral 

>ranches  of  the  nasal 

md  lacrimal  arteries  in 

iach  eyelid  ;  the  mar- 
ginal arcade  and  the 

>osterior  tarsal  plexus 
afford  a  rich  supply  to 
the  conjunctiva  lining 
the  tarsal  plates,  hence 
the  red  colour  in  this 

yion  '    the    peripheral    ^ IG-  I02> — Diagram  to  illustrate  the  shifting  of  the 

r  Lacrimal  Gland  in  the  course  of  Phylogeny. 

arcade  by  its  periorat-         (From  Wiedersheim,  1895.) 

( (  , 

pOSteriOr  COnj  UnC-          «.  =  position  in  amphibians  ;  b.  -  position  in  reptiles  and 
.  .        ,  ,,      ,  birds;  c.  —the  normal  position  in  man. 

tival       branches    sup- 

)lies  both  the  fornix  and  the  bulbar  portion,  and  conse- 
quently is  the  more  important ;  its  branches  become  finer 
and  therefore  the  membrane  paler  towards  and  over  the 
globe,  where  they  are  usually  only  visible  in  hyperaemic 
conditions.  The  details  of  the  vascular  supply  in  the 
region  of  the  sclero-corneal  junction  are  of  considerable 
clinical  interest.  About  3  mm.  from  the  edge  of  the  cornea 
the  posterior  conjunctival  branches  anastomose  with  '  an- 
terior conjunctival '  branches  derived  from  the  anterior 
ciliary  arteries,  which  come  from  the  ophthalmic  artery 
and  accompany  the  recti  muscles  in  their  course  from  the 
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back  of  the  orbit.  The  two  sets  of  vessels  are  in  close 
relation,  but  the  posterior  conjunctival  are  more  superficial 
and  more  movable  than  the  more  deeply  placed  immovable 
anterior  conjunctival  branches.  The  latter,  after  giving 
off  their  anastomotic  twigs,  form  a  "  peri-corneal  plexus  ' 
about  4  mm.  broad,  which  is  disposed  in  two  planes,  a 
superficial  or  conjunctival  and  a  deep  or  episcleral,  and 
sends  loops  of  minute  vessels  into  the  edge  of  the  cornea. 


$VP.   TAffSAL 
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FIG.  103. — Diagram  to  show  the  deep  Arteries  of  the  Upper  Eyelid  and 

Conjunctiva  and  their  relation  to  those  of  the  forepart  of  the  Eyeball. 

_.  % 

It  is  further  to  be  noted  that  the  anterior  ciliary  arteries, 
after  giving  off  their  conjunctival  branches,  turn  abruptly 
to  pierce  the  sclera  just  in  front  of  the  muscle  insertions 
(the  point  of  flexion  being  marked  by  the  presence  of  pigment 
granules)  and  enter  the  base  of  the  iris  to  form  the  circulus 
arteriosus  major  iridis  (indicated  by  the  unmarked  circle 
in  Fig.  103  ;  see  also  Fig.  159,  p.  304).  The  above  arrange- 
ment of  the  vessels  explains  the  significance  of  inflammation 
in  this  region  : 
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(i.)  In  inflammation  of  the  conjunctiva  the  posterior 
conjunctival  vessels,  normally  scarcely  visible,  appear  as  a 
close  network  over  the  bulb,  fading  away  towards  the  corneal 
margin  ;  they  move  freely  with  the  conjunctiva  and  do  not 
disappear  under  pressure. 

(ii.)  In  superficial  inflammation  of  the  cornea  the  corre- 
sponding plane  of  the  peri-corneal  plexus  formed  by  the 
anterior  conjunctival  vessels  is  engorged,  and  spreads  in  a 
freely  branching  manner  into  the  corneal  margin. 

(iii.)  In  affections  of  the  iris  and  deeper  parts  of  the 
cornea  the  episcleral  plane  of  the  peri-corneal  plexus, 
normally  invisible,  appears  as  a  pink  band  of  fine  straight 
vessels  round  the  cornea  ;  the  vessels  do  not  move  with 
the  conjunctiva  and  disappear  on  pressure. 

The  veins  of  the  conjunctiva  generally  accompany  the 
arteries,  one  or  two  to  each.  The  greater  number  drain 
into  the  palpebral  vessels  through  the  retro-tarsal  venous 
plexus ;  near  the  corneal  margin,  where  they  form  an 
episcleral  network  apparent  in  hyperaemia,  the  venules 
accompany  the  anterior  conjunctival  arteries,  draining 
backwards  by  the  veins  of  the  recti  muscles  into  the 
ophthalmic  vein  and  cavernous  sinus. 

The  lymphatic  vessels  form  two  communicating  networks 
in  the  dermis  of  the  conjunctiva  ;  a  smaller,  superficial, 
and  a  larger,  more  deeply  placed  in  the  fibrous  layer  (Leber, 
1876).  Most  (1905)  found  the  lymphatic  vessels  of  the 
lower  eyelid  easier  to  inject  than  those  of  the  upper  ;  they 
are  minute  in  the  tarsal  region,  and  at  both  margins  of  the 
plates  they  anastomose  with  those  of  the  skin  of  the  lids. 
Near  the  corneal  margin  an  extremely  minute  plexus  of 
vessels  was  stated  by  Recklinghausen  to  communicate 
directly  with  the  lymph  spaces  of  the  cornea,  but  Koeppe 
(1918),  who  has  made  clinical  studies  of  the  conjunctival 
vessels  with  the  corneal  microscope,  denies  this  ;  he  finds, 
however,,  the  blood-vessels  of  the  bulbar  conjunctiva  and 
sclera  near  the  limbus  to  be  surrounded  by  lymph  spaces. 
All  the  vessels  pass  into  the  deeper  layer  of  the  conjunctiva 
and  drain  towards  the  palpebral  commissures,  where  they 
join  those  of  the  eyelids,  as  described  above  on  p.  170. 
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The  nerve  supply  of  the  conjunctiva  is  provided  medially 
by  the  infra-trochlear  branch  of  the  naso-ciliary  nerve,  and 
laterally  by  the  lacrimal  nerve,  which  supplies  a  larger  area 
of  the  conjunctiva  than  of  the  skin  of  the  lids  ;  the  epithelium 
covering  the  cornea  and  a  narrow  zone  of  the  bulbar  con- 
junctiva round  it  are  supplied  by  the  ciliary  nerves,  which 
have  followed  an  intra-ocular  path  before  piercing  the  sclera 
to  gain  this  region  (p.  353).  The  details  of  the  distribution 
to  the  cornea  are  given  by  Boucheron  (1890).  The  nerves 
terminate  in  the  conjunctiva  either  by  free  ends  or  in  tactile 
corpuscles  of  Krause.  In  the  former  case,  after  losing  their 
nerve  sheaths,  they  form  a  "  sub-epithelial  plexus  "  (Dogiel, 
1895),  especially  well  marked  at  the  free  margins  of  the  lids 
and  near  the  convex  borders  of  the  tarsal  plates  (Bach, 
1895),  and  containing  formations  resembling  ganglion  cells. 
The  corpuscles  of  W.  Krause  (1867)  (which  occur  in  the 
skin  and  mucous  membrane  elsewhere)  are  round  or  oval 
bodies  of  a  granular  substance,  with  a  nucleated  membrane 
of  connective  tissue  ;  one  or  more  nerve  fibres  approach  the 
body,  lose  their  sheaths,  and  end  as  delicate  fibrils  with 
enlarged  heads.  They  lie  close  beneath  the  epidermis, 
especially  in  the  supero-lateral  region  of  the  conjunct! val 
sac  supplied  by  the  lacrimal  nerve.  They  are  also  found 
in  the  corneal  limbus  on  the  ends  of  the  ciliary  nerves 
(Dogiel),  and  at  the  margins  of  the  eyelids  (Piersol)  ;  they 
have  again  been  investigated  by  Ciaccio  (1874)  and  Poncet 
(1875),  and  the  latter  points  out  that  the  presence  of  the 
tactile  corpuscles  in  the  lateral  part  of  the  conjunctiva  of 
the  upper  lid  can  be  realised  by  touching  the  skin  over  it 
with  a  blunt  point  such  as  that  of  a  pencil ;  in  this  area  the 
sensation  is  more  poignant  than  elsewhere,  and  it  feels  as 
though  sand  were  beneath  the  lid.  Other  types  of  sensory 
nerve  terminations,  such  as  tufts  and  ribbons,  have  been 
found  by  Crevatin  (1903). 

The  development  of  the  conjunctiva  has  been  referred 
to  in  connection  with  that  of  the  eyelids  (p.  184)  ;  the  ecto- 
derm lining  the  primitive  palpebral  folds  begins  to  differ- 
entiate into  a  mucous  membrane  after  the  eyelids  have 
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met  and  fused  at  about  the  third  month  of  foetal  life.  All 
the  glands  of  the  conjunctiva,  including  the  lacrimal,  are 
formed  by  invaginations  of  the  ectoderm  ;  the  mucous  cells 
appear  after  the  seventh  month  ;  the  glands  of  Henle  first 
appear  as  simple  depressions  of  the  surface,  and  Ask 
found  them  in  the  bulbar  as  well  as  the  palpebral  regions  in 
an  embryo  of  39  cms.  Dubreuil  saw  glands  of  Manz 
clearly  defined  in  a  seven  months'  old  foetus.  The  plica 
semilunaris  has  been  seen  in  an  embryo  of  ten  weeks  by 
Contino,  earlier  than  the  caruncle  and  quite  independent 
of  it.  The  development  of  the  lacrimal  gland  follows  on 
>.  217. 

Abnormalities  of  the  conjunctiva.- -The  so-called  "epi- 
:arsus  "or  "  double  tarsus  "  is  a  congenital  malformation  in 
the  upper  lid  formed  by  a  reduplication  of  the  lining 
conjunctival  membrane.  First  described  by  Schapringer 
(1905),  numerous  instances  of  its  occurrence  have  since 
been  recorded  by  Radinski  ("  double  tarsus  "),  Mathewson 
("accessory  eyelid"),  Robertson  ("third  eyelid"),  Kran- 
kow,  Adamueck,  Polack,  Contela  ;  it  most  commonly  takes 
the  form  of  a  triangular  fold  arising  by  its  base  from  the 
superior  fornix  and  attached  at  its  apex  to  the  palpebral 
margin,  and  is  regarded  either  as  a  developmental  mal- 
formation or  as  the  result  of  an  amniotic  adhesion  or  as 
a  cicatricial  result  of  an  ophthalmia  neonatorum  (Fuchs). 

Congenital  dermoids  (see  p.  187),  naevi  and  fatty  growths 
may  be  found. 

On  the  bulbar  conjunctiva,  along  the  line  between  the 
medial,  and  less  often  the  lateral,  side  of  the  cornea  and 
the  corresponding  angle  of  the  lids,  there  may  be  formed  a 
horizontally  elongated  yellow  mass  known  as  a ' '  pinguecula  ' 
(Latin,  pinguis,  fat)  ;  such  bodies  occur  most  commonly 
in  adults  subject  to  conditions  which  irritate  the  con- 
junctiva, the  site  being  in  that  triangular  part  of  the  sclera 
exposed  by  the  opening  of  the  palpebral  fissure  ;  they  are 
pigmented  in  tropical  races.  The  mass,  according  to 
Parsons,  is  not  of  a  fatty  nature,  but  is  composed  of 
vascular  conjunctiva  thickened  by  fibrous  and  yellow 
elastic  tissue  ;  Fuchs  states  that  besides  an  increase  in  the 
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number  and  size  of  elastic  fibres  there  is  an  additional  forma- 
tion of  numerous  concretions  of  a  yellowish  hyaline  sub- 
stance. It  may  develop  into  a  "  pterygium,"  which  is  a 
larger  wing-like  growth  extending  over  the  cornea  towards 
the  pupil.  Pingueculae  are  present  on  both  sides  of  the 
cornea  in  the  subject  photographed  in  Fig.  55,  p.  124,  where 
they  appear  as  dark  areas  in  the  position  described  above. 


4.  THE   LACRIMAL  APPARATUS 

The  lacrimal  apparatus  consists  of  a  gland,  which 
secretes  the  tears  into  the  conjunctival  sac,  and  a  system 
of  canals,  the  lacrimal  passages,  through  which  they  are 
drained  away  into  the  nasal  cavity. 

I.  The  lacrimal  gland  (glandula  lacrimalis)  is,  as 
previously  noted,  the  chief  mass  of  conjunctival  glands, 
there  being  also  present  '  accessory  lacrimal  glands ' 
which,  though  microscopic  in  size,  are  of  similar  nature. 
It  forms  a  small  flattened  and  lobulated  mass,  yellowish 
pink  in  colour  and  a  little  darker  than  the  orbital  fat,  from 
which  it  is  not  easily  distinguishable  at  first  sight.  There 
are  to  be  described  its  situation  and  relations,  form,  attach- 
ments, structure,  vessels  and  nerves,  development  and 
variations. 

It  lies  deep  beneath  the  lateral  part  of  the  upper  eyelid, 
covered  in  front  by  the  septum  orbitale,  orbicularis  oculi 
muscle,  and  skin,  and  is  placed  just  within  the  orbital 
margin,  wedged  in  between  the  lateral  angular  process 
of  the  frontal  bone  and  the  globe  (Fig.  55,  p.  124)  ;  the 
bone  is  slightly  hollowed  out  for  its  reception,  so  forming 
the  fossa  glandulae  lacrimalis,  in  the  lower  and  fore  part  of 
which  it  mainly  lies  ;  posteriorly  the  gland  is  adherent  to 
a  mass  of  orbital  fat  which  fills  the  hinder  part  of  the  fossa, 
termed  the  loge  accessoire  by  Rochon  Duvigneaud  (1903), 
and  sometimes  a  slight  undulation  can  be  felt  across  the 
surface  of  the  bone  demarking  the  regions  occupied  by  the 
two  masses.  The  gland  extends  downwards  as  low  as  the 
zygomatico-f rental  suture,  which,  as  illustrated  in  Fig.  10, 
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p.  25,  may  be  raised  in  a  low  ridge  limiting  the  fossa  below, 
and  it  rests  upon,  and  is  moulded  by,  the  eyeball. 

The  gland  is  crossed  in  front  and  deeply  grooved  by  the 
lateral  horn  of  the  aponeurosis  of  the  levator  palpebrae 
superioris  muscle,  round  which  it  is  folded  ;  so  deep  is  the 


FIG.  104. — The  relations  of  the  Lacrimal  Gland.  Dissection  of  the  Left  Orbit 
from  above  and  also  in  front  (the  same  preparation  as  Fig.  63,  viewed  from  in 
front)  to  show  the  aponeurosis  of  the  levator  palpebrae  superioris  muscle  and  the 
lacrimal  gland.  The  pulley  of  the  superior  oblique  and  its  tendon  are  also 
seen.  Natural  size. 


groove  that  the  gland  is  almost  divided  into  two  parts  or 
lobes,  an  upper  and  a  lower  (Fig.  104).  They  are  distin- 
guished as  the  glandula  lacrimalis  superior  or  orbital  lobe, 
and  the  glandula  lacrimalis  inferior  or  secondary  or  palpebral 
lobe,  but  the  writer  has  met  with  no  instance  of  entire 
separation  of  the  two  parts  of  the  gland,  and  the  term 
'  lobe  '  is  preferable  to  gland,  since  they  are  not  even  as 
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completely  separated  as    are  the  lobes  of    the  lungs  for 
example  ;   they  differ  in  size,  position,  and  relations. 

The  superior  or  orbital  lobe  (glandula  lacrimalis  superior) 
is  the  larger,  and  its  lobules,  owing  to  its  confined  position 
between  the  globe  and  the  bone,  are  more  closely  pressed 
together  ;  it  forms  an  oval  mass  rather  like  a  haricot  bean, 
about  20  mm.  long  by  12  mm.  wide  and  5  mm  thick,  but  the 


FIG.  105. — Dissection  of  Left  Orbit  viewed  from  the  side  to  show  the  lacrimal 
gland  subdivided  by  the  aponeurosis  of  the  levator,  the  moulding  of  its  upper 
lobe  by  the  frontal  bone  (removed),  and  its  close  connection  behind  with  the 
orbital  fat.  Natural  size. 

size  and  shape,  like  the  weight,  which  is  given  as  on  an 
average  0-78  gr.  by  Goz  (1908),  are  very  variable  (Fig.  106). 
Its  orbital  or  lateral  surface  is  smooth  and  convex,  in  harmony 
with  the  contour  of  the  bony  fossa  in  which  it  is  closely 
lodged  and  from  which  it  is  separated  only  by  the  peri- 
orbita  ;  the  forepart  of  the  ocular  or  medial  surface  lies 
on  the  aponeurosis  of  the  levator  muscle,  but  the  hinder 
part,  which  is  confluent  with  the  palpebral  lobe,  lies  on 
the  fascial  expansion  which  passes  from  the  sheath  of  the 
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superior  rectus  to  that  of  the  lateral  rectus  muscle,  whereby 
it  is  separated  from  the  fascia  bulbi  covering  the  eyeball. 
The^long  axis  of  this  upper  lobe  is  curved,  and  reaches 
from  the  lateral  margin  of  the  muscular  part  of  the  levator 
above  to  the  zygomatico-frontal  suture  below  ;  its  upper 
extremity  or  pole  is  usually  free,  but  the  deep  surface 
is  often  connected  to  the  fascial  sheath  of  the  levator  ; 
the  lower  pole  is  fixed  by  its  stroma  to  the  periorbita  in 
the  angle  between  the  lateral  expansion  (check  ligament) 
of  the  sheath  of  the  lateral  rectus  muscle  and  the  zygo- 
matico-frontal suture,  a  fixation  often  strengthened  by  the 
entrance  at  this  point  of  the  anastomotic  branch  from  the 
zygomatic  (temporo-malar)  nerve  to  the  lacrimal  (Fig.  71). 
The  anterior  edge  of  the  lobe  is  thin  and  free,  and  runs 
parallel  to  the  orbital  margin,  just  behind  which  it  normally 
lies,  and  is  separated  by  a  slender  roll  of  fat  from  the  septum 
orbitale  ;  the  posterior  edge,  thick  and  ill-defined,  extends 
to  a  variable  distance  backwards  into  the  orbit,  and  is  not 
free  but  is  connected  with  the  mass  of  orbital  fat  lying 
between  the  superior  and  lateral  recti  muscles,  as  is  seen  in 
Fig.  105,  and  at  about  its  middle  there  enter  the  lacrimal 
nerve  and  blood-vessels  (Fig.  63,  p.  135,  and  Fig.  71,  p.  149). 
The  inferior,  palpebral,  or  accessory  lobe  (glandula 
lacrimalis  inferior)  is  from  one-half  to  one-third  the  size  of 
the  superior  lobe  ;  it  forms  a  thin  plate  with  diffuse  limits, 
but  is  usually  about  15  mm.  wide,  and  its  lobules  are  more 
loosely  connected  ;  they  number  from  15  to  40  (Sappey), 
and  the  writer  has  never  found  only  one  or  two  present, 
as  Fuchs  states  to  be  the  normal  number.  Behind,  it  is 
confluent  with  the  superior  lobe,  and  presents  the  same 
relations ;  in  front,  it  extends  well  beyond  the  orbital 
margin,  beneath  the  aponeurosis  of  the  levator  and  on  to 
the  lateral  part  of  the  upper  eyelid,  where  it  lies  partly  on 
the  superior  palpebral  muscle,  but  chiefly  on  the  palpebral 
conjunctiva,  to  which  it  is  firmly  adherent  and  through 
which  its  ducts  open  ;  they  can  be  seen  by  raising  its  fore 
edge,  which  extends  a  few  millimetres  over  the  convex 
border  of  the  tarsal  plate.  It  is  not  uncommon  to  find  a 
few  lobules  of  this  part  of  the  gland  extending  downwards 
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between  the  lateral  raphe  of  the  orbicularis  muscle  and  the 
lateral  palpebral  ligament. 

The  gland  (presumably  its  orbital  lobe)  is  described  as 
being  enclosed  in  a  delicate  but  definite  capsule  (Picou, 
1912),  which  separates  it  almost  completely  from  the 
surrounding  parts  and  most  definitely  behind  from  the 
orbital  fat,  but  the  writer  has  never  found  anything  com- 
parable to  such  a  structure  :  the  lobules  of  the  gland  appear 
bound  together  by  a  connective  tissue  stroma,  which  is 


FIG.  106.  — Four  Lacrimal  Glands  dissected  out  entirely  ;  the  two  left-hand  ones  are 
from  right  orbits  and  are  viewed  from  the  lateral  aspect ;  the  upper  right-hand 
gland  is  from  a  left  orbit  ;  the  lower  right-hand  gland  is  viewed  from  its  ocular 
or  medial  aspect.  All  show  clearly  the  subdivision  into  superior  and  inferior 
lobes.  Natural  size. 

slightly  more  abundant  on  the  surface  and  is  certainly  con- 
tinuous behind  with  the  tissue  between  the  adipose  lobules 
of  the  orbital  fatty  mass,  to  separate  the  gland  from  which 
a  careful  dissection  is  needed. 

Similarly,  various  ligaments  have  been  described,  none 
,  ,of  which,  however,  present  any  special  degree  of  development, 
and  to  which  the  application  of  the  term  "  ligament  '    is 
pretentious  and  misleading.     These  are  as  follows .: 

(i.)  A  suspensory  "  ligament  of  Soemmering, "  fixing  the  upper 
surface  of  the  gland  to  the  orbital  wall.     This  consists 
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merely  of  loose,  delicate  strands  of  connective  tissue 
passing  from  the  stroma  of  the  gland  to  the  periorbita, 
and  they  can  easily  be  destroyed  with  a  blunt  instrument. 

(ii.)  An  inferior  "  ligament  of  Schwalbe,"  fixing  the  lower  part 
of  the  gland  in  the  angle  between  the  expansion  of  the 
sheath  of  the  superior  rectus  muscle  and  the  lateral 
orbital  wall  at  the  zygomatico-frontal  suture.  This  is  the 
most  definite  attachment  of  the  gland. 

(iii.)  A  "  posterior  ligament  '  passing  to  the  periorbita  at  the 
point  of  entrance  of  the  lacrimal  nerve  into  the  gland 
(Holmes) . 

(iv.)  An  "  internal  ligament  "  accompanying  the  excretory  ducts 
of  the  gland.  This,  like  the  last,  is  neither  a  true  ligament 
nor  a  means  of  fixation  of  the  gland. 

In  dissecting  out  the  whole  gland,  as  in  the  preparations 
made  for  Fig.  106,  the  first  structure  to  be  severed  is  the 
lateral  horn  of  the  aponeurosis  of  the  levator  palpebrae 
superioris,  which  is  often  fixed  to  the  gland  where  the  latter 
is  folded  round  its  hinder  edge  ;  then  the  upper  part  of  the 
gland  requires  freeing  from  the  fascial  expansion  of  the 
sheath  of  the  same  muscle,  and  further  back  from  the  orbital 
fat,  where  its  nerve  and  blood-vessels  must  be  cut ;  the 
gland  can  then  be  pulled  forwards  and  freed  at  its  lower 
angle,  the  most  fixed  point,  from  the  so-called  inferior 
ligament ;  the  deep  surface  of  the  palpebral  lobe  of  the 
gland  is  strongly  adherent  to  the  conjunctiva,  upon  which  it 
rests,  and  is  separated  only  with  difficulty  from  it. 

The  gland  is  kept  in  position  between  the  globe  and 
frontal  bone  not  by  any  such  ligaments,  but  by  being  folded 
round  the  lateral  horn  of  the  aponeurosis  of  the  levator 
which  lies  in  front  of  it,  and  by  the  support  afforded  to  it 
by  the  mass  of  orbital  fat  behind  ;  as  just  noted,  it  is  most 
firmly  fixed  at  its  lower  pole,  but  elsewhere  a  certain  amount 
of  movement  is  possible,  and  probably  does  take  place 
when  the  aponeurosis  is  swung  back  by  contraction  of  the 
levator  in  raising  the  lid.  In  the  specimen  referred  to 
above,  where  muscle  offshoots  passed  from  the  levator  to 
the  gland  (Fig.  69),  traction  on  the  muscle  pulled  the  gland 
backwards  even  though  the  preparation  had  been  hardened 
in  spirit.  The  gland  regains  its  more  forward  position  upon 
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relaxation  of  the  muscle  owing  to  the  resiliency  of  the  orbital 
fat  against  which  it  has  been  withdrawn.  The  movement 
is  slight,  but  may  be  a  means  of  stimulating  or  aiding  the 
expulsion  of  the  tear  fluid. 

Structure  and  Duets. — The  lacrimal  gland  consists  of  a 
mass  of  lobules,  each  about  the  size  of  a  pin's  head  ;  they 
are  more  loosely  aggregated  in  the  palpebral  portion,  but 
present  the  same  detailed  structure  in  each  lobe.  It  is 
a  tubular-racemose  gland — that  is,  each  lobule  consists 

of  a  small  mass  of  ramify- 
ing tubes,  and  each  tube 
branches  further  into  tubules 
or  acini  of  secreting  cells,  as 
illustrated  in  Fig.  107. 

The  acinus  has  a  base- 
ment membrane  supporting 
two  kinds  of  cells  arranged 
round  a  central  canal  (Fig. 
109) ;  one  kind  of  cell  is  flat 
basal  and  contractile  (myo- 
epithelial),  the  other  is  cylin- 
drical and  secretory,  and  the 
protoplasm  appears  under 
three  different  aspects  ac- 

FIG.  107.— Reconstruction  of  a  Lobule  of    COrding      to      the      Stage       of 

the    human     Lacrimal     Gland  secretory  activity ;  thus  the 

(Maziarski,  1902).       x   170.  J  J 

cell     in    charging    contains 

refringent  granules  and  is  vacuolated,  and  in  resting  shows 
obscure  details  (Noll,  1901  ;  Fleischer,  1904 ;  Dubreuil, 
1908) .  Fat  granules  have  also  been  observed  in  the  secretory 
cells  of  normal  glands  (Axenfeld,  1898). 

By  contraction  of,  the  protoplasmic  network  of  the  cell, 
the  secretion  is  expressed  into  the  central  canal  of  the  acinus, 
and  thence  passes  into  the  excretory  canals.  These  resemble 
the  acini  in  structure,  but  soon  become  lined  by  two  rows 
of  epithelial  cells,  the  deeper  of  which  are  contractile.  At 
first  they  are  intra-lobular  in  position  (Fig.  108),  but  join 
with  others  to  form  larger  extra-lobular  or  collecting  canals, 
which  eventually  become  the  ducts  of  the  gland  (ductuli 
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cxcretorii  glandulae  lacrimalis).  These  are  constructed  by 
an  adventitia  outside  a  basement  membrane  which  encloses 
an  epithelium  of  two  rows  of  flat  cells  lined  by  cylindrical 
cells.  The  chief  characteristic  of  all  the  ducts  is  their  rela- 
tively large  lumen ;  they  are  white,  delicate-walled  vessels, 
not  easily  distinguishable  at  sight  from  the  blood-vessels  or 
nerves.  In  number  they  seldom  exceed  a  total  of  12, 
of  which  2  (Gosselin,  1843)  or  from  3  to  5  (Sappey,  1867) 
drain  the  orbital  lobe,  and  from  6  to  8  (Gosselin)  or  2  to  5 
(Sappey)  the  palpebral  portion.  Some  of  the  upper  may 


B 


S 


FIG.  108. — Section  of  human  Lacrimal  Gland, 
showing  Acini  ;  running  down  the  middle  of 
the  section  is  an  intra-lobular  secretory*  canal, 
x   200. 


FIG.  109. — Microscopical  section 
of  an  Acinus  of  the  human 
Lacrimal  Gland  (Schirmer, 
1904). 

B  =  basal  cell ;  S  =  secretory  capillary. 


join  those  of  the  lower  group,  but  nearly  all  open  separately 
into  the  supero-external  region  of  the  conjunctival  sac  along 
a  line  just  in  front  of  the  superior  fornix  and  about  4  to  5 
mm.  above  the  convex  border  of  the  tarsal  plate.  One  duct, 
the  largest,  opens  behind  the  lateral  commissure,  and  one  or 
two  from  the  palpebral  lobe  may  open  as  low  down  as  the 
corner  of  the  inferior  fornix  below  the  level  of  the  commissure. 
From  a  practical  point  of  view,  it  is  important  to  note  that 
the  ducts  of  the  upper  or  orbital  lobe  traverse  or  pass  in  close 
contact  with  the  lower  or  palpebral  lobe  before  they  reach 
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the  fornix,  so  that  removal  of  the  palpebral  lobe  through  the 
conjunctiva  of  the  everted  eyelid  severs  the  ducts  of  both 
lobes,  and  is  equivalent  to  extirpation  of  the  whole  gland 
as  far  as  its  secretory  function  is  concerned  (Schirmer,  1904)  ; 
it  will  be  realised,  however,  that  such  an  operation  does  not 
entail  dryness  of  the  conjunctiva,  owing  to  the  presence  of 
the  accessory  lacrimal  glands  and  its  own  mucous  cells, 
though  the  condition  may  temporarily  occur. 

The  stroma  or  supporting  tissue  between  the  lobules 
(less  developed  than  in  the  salivary  glands,  with  which  the 
lacrimal  gland  is  often  compared,  but  from  which  it  differs 
in  the  shape  of  its  secretory  cells  and  by  the  absence  of 
crescent  cells  of  Gianuzzi)  is  mesodermal  tissue  derived 
development  ally  from  the  dermis  of  the  conjunctiva,  and 
like  it  consists  of  loose  connective,  elastic,  and  lymphoid 
tissues  ;  the  lymphoid  tissue  is  absent  in  the  new-born, 
sparsely  present  at  puberty,  but  well  developed  in  the  adult, 
especially  in  the  female  ;  in  old  age  it  may  hypertrophy ; 
Stanculeanu  (1900)  found  it  present  around  the  ducts  and 
vessels,  and  chiefly  concentrated  towards  the  lower  pole 
of  the  gland.  Plasma  cells  have  been  found  present  by 
Hannes  (1911). 

The  lacrimal  secretion  is  a  clear  fluid,  salty,  and  slightly 
alkaline  ;  the  exact  composition  varies  according  to  the 
histological  condition  of  the  epithelium  which  secretes  it, 
and,  it  is  worthy  of  note,  according  as  the  fluid  analysed  is 
the  secretion  of  the  gland  itself  collected  from  its  ducts 
(as  in  Magaard's  analysis  which  follows),  or  the  "  tears/' 
which  are  the  product  of  all  the  secretory  cells  including 
the  mucous  cells  of  the  conjunctival  sac.  The  details  of 
the  chemical  composition  are  given  by  Schirmer  (1904),  from 
whose  tables  the  following  are  quoted  : 
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In  100  parts  of  Tear  Fluid. 

(Frerichs.) 

(Magaard.) 

• 

Water     

99-06 

98-I20O 

Epithelium    .... 

0-14 

Albumen  

0-08 

1-4638 

Mucus  and  fat 

o-3 

NaCl       .        .        .        .        .  \ 
Phosphates,  etc.  .        .        .  j 

0-42 

0-4160 
0- 

The  normal  quantity  excreted  in  twenty-four  hours  is 
6-4  gr.  (Magaard),  of  a  specific  gravity  of  1-0086  at  20°  C. 
(Arlt) . 

The  possession  by  the  fluid  of  any  bactericidal  action  is 
uncertain.  It  remains  sterile  indefinitely  if  collected  under 
aseptic  conditions,  and  is  a  bad  culture  medium  ;  some 
authors  consider  it  to  have  a  bactericidal  action  lost  on 
boiling  (Kalt,  Starling),  others  deny  this  property  (De 
Bono  and  Frisco,  1901  ;  Nedden,  1907).  Schirmer  con- 
siders it  to  have  an  insignificant  antiseptic  action  against 
the  majority  of  bacteria,  but  none  on  the  tubercle  bacillus 
or  bacillus  coli.  Lindahl  (1907)  studied  its  effect  on 
various  bacteria,  and  found  a  potency  against  some  owing  to 
the  presence  of  an  albuminoid  substance  of  the  nature  of  an 
enzyme,  which  is  secreted  by  the  lacrimal  gland ;  the  action 
is  feeble  on  the  staphylococci,  and  is  lost  on  heating.  The 
conjunctival  sac  is  never  free  from  organisms,  save  in  the 
new-born,  the  most  common  being  the  bacillus  Xerosis, 
which  was  found  present  by  Lawson  (1899)  in  118  out  of  159 
cases  examined,  and  in  over  one-half  of  these  unaccompanied 
by  other  bacteria,  and  designated  by  him  "  bacillus  con- 
junctivae  communis  '  in  consequence  ;  a  staphylococcus 
albus  of  low  virulence  is  also  found  (Parsons). 

Vessels.-  -The  arterial  supply  is  derived  from  the  lacri- 
mal (p.  305),  a  branch  of  the  ophthalmic  artery,  which  enters 
the  gland  at  its  posterior  margin  and  passes  superficially  on 
to  the  eyelids  ;  an  additional  supply  is  often  afforded  by 
the  infra-orbital  branch  of  the  internal  maxillary  artery. 
The  venules  form  a  lacrimal  vein  (p.  311),  running  backwards 
as  a  tributary  of  the  ophthalmic  vein  to  enter  the  cavernous 
sinus.  The  lymphatics  are  probably  limited  to  the  surface 
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of  the  gland,  and  enter  the  conjunct! val  and  palpebral 
systems,  whence  they  will  drain  into  the  pre-auricular  nodes. 
In  malignant  tumours  of  the  gland  the  facial  and  pre- 
auricular  lymph  nodes  have  been  found  enlarged. 

Nerves.- -The  gland  is  supplied  by  the  lacrimal  nerve, 
by  the  facial  nerve,  and  by  the  sympathetic  nervous  system. 
The  lacrimal  nerve  is  one  of  the  three  branches  of  the 
ophthalmic  division  of  the  trigeminal,  and  its  course  and 
relations  within  the  orbit  are  described  on  p.  339  ;  it 
anastomoses  with  the  zygomatic  branch  of  the  maxillary 
division  of  the  trigeminal  nerve,  and  enters  the  gland  with 
the  blood-vessels  ;  part  of  its  fibres  end  in  the  gland  substance 
as  fine  non-medullated  ramifications  between  the  secretory 
cells  of  the  acini  and  round  the  ducts  and  vessels  (Dogiel, 
1893),  and  on  some  of  the  fibrils  small  ganglion  cells  are 
present  (Puglisi-Allegra,  1903)  ;  the  bulk  of  the  fibres 
traverse  the  gland  and  supply  the  conjunctiva  and  skin  of 
the  eyelids  (p.  202). 

The  fibres  from  the  facial  nerve  to  the  gland  follow  a 
long  and  complicated  path  ;  they  arise  from  cells  of  the 
geniculate  ganglion  of  that  nerve  in  the  facial  canal 
(aqueductus  Fallopii),  but  may  have  a  central  connection 
with  the  glosso-pharyngeal  nucleus  in  the  brain  (Parsons, 
1902)  ;  under  the  name  of  the  greater  superficial  petrosal 
nerve,  they  join  the  deep  petrosal  nerve  (sympathetic)  to  form 
the  nerve  of  the  pterygoid  canal  or  Vidian  nerve,  and  so 
enter  the  spheno-palatine  or  Meckel's  ganglion  ;  thence 
they  are  said  to  pass  into  the  zygomatic  (temporo-malar) 
branch  of  the  maxillary  nerve,  and  reach  the  gland  through 
the  anastomosis  between  the  zygomatico-temporal  division 
of  this  branch  and  the  lacrimal  nerve.  That  this  anasto- 
mosis is  of  importance  is  indicated  by  the  fact  that  in  cases 
where  the  lacrimal  nerve  is  absent  a  branch  from  the  zygo- 
matic nerve  takes  its  place.  On  the  other  hand,  it  is  stated 
that  the  minute  orbital  rami  passing  directly  from  the 
ganglion  as  its  ascending  branches  into  the  orbit  supply 
the  lacrimal  gland  (Gray,  1920).  It  should  be  realised  that 
the  greater  superficial  petrosal  nerve  probably  contains 
facial  motor  fibres,  as  well  as  sensory  from  the  geniculate 


EYELIDS 


THE  LACRIMAL  GLAND 


215 


ganglion.  The  direct  sympathetic  nerve  supply  is  derived 
from  the  carotid  plexus  of  the  cervical  part  of  this  system, 
and  accompanies  the  lacrimal  artery  to  the  gland ;  sym- 
pathetic fibres  from  the  same  source  may  also  pass  via  the 
spheno- palatine  ganglion  and  reach  the  gland  by  being 
incorporated  with  the  zygomatic  nerve. 

As  regards  the  unsettled  problem  of  the  actual  source 
and  path  of  the  fibres  conveying  secretory  impulses  to  the 
gland,  it  is  first  to  be  noted  that  the  secretion  is  provoked  : 


FIG.  no. — The  Maxillary  Division  of  the  Trigeminal  Nerve,  its  branches  and 
their  connections.      (From  Sappey,  after  Hirschfeld  and  Leveille. ) 

i— semilunar  or  Gasserian  ganglion;  3  =  the  maxillary  nerve  ;  4=  the  zygomatic  branch  with 
its  anastomosis  (5)  with  the  lacrimal  nerve  (2)  ;  n  =  the  facial  nerve  ;  10  is  the  greater  and  12  the 
deep  petrosal  nerves  which  join  to  form  the  Vidian  nerve  (9)  and  enter  the  spheno -palatine 
ganglion  (8).  The  other  branches  can  be  followed  from  the  text. 

(i.)  as  a  normal  physiological  act,  in  the  slight  amount 
necessary  to  prevent  drying  of  the  conjunctiva  ; 

(ii.)  by  stimulation  of  a  supposed  tear  secretory  "  centre/' 
whereby  psychical  weeping,  which  is  a  human  peculiarity, 
occurs  ; 

(iii.)  as  a  reflex  act  following  stimulation  of  the  terminal 
nerve- endings  of  branches  of  the  trigeminal  nerve  to  the 
conjunctiva  or  nasal  mucous  membrane  ; 

p  2 
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(iv.)  by  impulses  passing  through  the  retina  and  optic 
nerve,  as  when  the  eye  is  exposed  to  bright  light. 

It  may  be  added  that  the  tears  which  are  forced  in 
yawning,  coughing,  laughing,  etc.,  more  probably  result  from 
stimulation  by  co  -  innervation  than,  as  is  sometimes 
stated,  from  mechanical  pressure  of  the  orbicularis  oculi 
muscle  on  the  gland. 

Further  facts  bearing  upon  the  question  are,  first,  that 
there  is  a  secretion  of  tears  on  stimulation  of  either  the 
lacrimal  nerve  itself,  or  of  the  facial  nerve,  or  of  the  cervical 
sympathetic  nerves  (Starling,  1920).  Next,  that  the 
trigeminal  nerve  represents  the  reflex  centripetal  path, 
since  there  is  a  secretion  of  tears  upon  stimulation  of  its 
trunk  or  of  almost  any  of  its  branches  (Czermak  quoted  by 
Tepliachine,  1894)  ;  indeed,  the  secretion  following  stimula- 
tion of  the  lacrimal  nerve*  may  be  but  a  reflex  action,  since 
irritation  of  the  area  of  conjunctiva  supplied  by  this  nerve 
produces  the  same  effect.  Then  it  is  to  be  noticed  that  the 
muscles  innervated  by  the  facial  nerve  are  usually  thrown 
into  action  during  weeping  ;  and  finally,  that  a  connection 
with  the  sympathetic  system  is  apparent  since  its  stimulation 
produces  tears,  even  after  section  of  the  lacrimal  nerve 
(Kalt,  1903),  and  the  lids  become  swollen  and  the  face  red 
in  crying.  Most  authors  consider  the  facial  nerve  as  the 
source  (Parson,  Lagrange,  Schirmer,  Quain,  Dubreuil,  Gaskell, 
Blum),  but  most  probably  both  this  nerve  and  the  sympa- 
thetic system  provide  the  secretory  fibres,  the  latter  acting 
in  normal  conditions,  the  facial  in  the  superabundant 
secretion  of  weeping.  Merkel,  following  Campos  (1897), 
supposes  that  the*  impulse  may  travel  by  all  the  three 
nerves.  Arloing  considers  that  the  sympathetic  fibres 
convey  the  excito-secretory  impulses.  Kalt  objects  to  the 
complicated  facial  route  on  the  grounds  that  (i.)  the  zygo- 
matic  nerve  leaves  the  maxillary  nerve  just  after  the  latter 
has  emerged  from  the  foramen  rptundum  and  before  it  is 
connected  with  the  spheno-palatine  ganglion — that  is,  before 
the  Vidian  fibres  enter  the  main  nerve  ;  (ii.)  the  anastomosis 
between  the  zygomatic  nerve  and  the  lacrimal  is  not  constant  ; 
(iii.)  total  paralysis  of  the  facial  nerve  causes  loss  of  the  action 
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of  jweeping  though  not^of  the  lacrimal  secretion,  and  Campos 
found  that  section  of  the  great  superficial  petrosal  nerve  in 
monkeys  did  not  cause  loss  of  lacrimal  secretion  on  the  same 
side. 

The  most  probable  conclusion  is  that  the  lacrimal  nerve 
merely  contains  centripetal  fibres  to  the  brain,  as  do  other 
sensory  branches  of  the  trigeminal,  conveying  impulses 
called  forth  by  the  movement  of  the  gland  in  the  involuntary 
act  of  winking  or  by  drying  or  irritation  of  the  conjunctiva  ; 
that  the  sympathetic  system  provides  fibres  responsible 
for  normal  secretion  ;  and  that  the  facial  nerve  supplies 
fibres  following  the  above  outlined  route  and  terminating 
in  the  lacrimal  nerve  path,  which  occasion  the  superabundant 
secretion  of  weeping. 

It  may  be  of  interest  to  note  that  an  article  has  been 
written  by  Rutherford  (1913)  on  the  behaviour  of  the 
lacrimal  gland  during  the  various  stages  of  surgical  an- 
aesthesia, wherein  the  amount  of  the  secretion  is  shown  to 
bear  a  definite  relation  to  the  depth  of  the  narcosis. 

Development.  -  -  The  lacrimal  gland  is  formed  by  the 
ramification  and  agglomeration  of  simple  tubular  buddings 
from  the  epithelium  lining  the  conjunctival  fornix  in  its 
supero-lateral  region  ;  they  push  their  way  along  the  path 
of  least  resistance  between  the  globe  and  the  orbital  wall. 
The  outgrowths  appear  in  two  successive  tides  ;  the  earliest 
were  seen  as  knobs  in  embryos  of  22-26  mm.  long  by  Keibel 
and  Mall  (1912)  and  in  embryos  of  32  mm.  (ten  weeks)  by 
Speciale-Cirincione  (1908),  and  by  increase  in  length  they 
ultimately-  form  the  more  deeply  placed  orbital  lobe  of  the 
gland  ;  the  secondary  buds  appear  a  week  later  (in  embryos 
of  40-60  mm.),  are  shorter,  and  form  the  palpebral  lobe  ; 
the  tubules  become  hollow  in  embryos  of  50-55  mm.  long. 
In  the  mesodermal  tissue  between  the  two  masses  of  out- 
growths, the  aponeurosis  of  the  levator  muscle  begins  to  be 
developed  as  an  interglandular  septum  in  embryos  of  38 
mm.,  and  was  found  complete  in  one  of  60  mm.  The 
accessory  lacrimal  glands  appear  later,  and  have  been  first 
seen  in  a  foetus  of  17  cms.  (Ask,  1910).  In  the  new-born 
the  gland  is  only  a  quarter  to  two-thirds  the  adult  size, 
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and  differs  also  in  the  appearance  of  its  cells  ;  the  early 
growth  is  rapid,  but  the  full  structural  development  is  not 
complete  until  the  age  of  three  to  four  years  (Kirschstein, 
1894).  After  the  tenth  year  there  is  a  gradual  change  in 
the  histological  structure,  the  glandular  epithelium  becoming 
decreased  in  height,  the  lumen  of  the  acini  widening,  and 
the  interstitial  and  adenoid  tissue  gradually  increasing, 


FIG.  in. — Reconstruction  of  the  developing  Lacrimal  Gland  in  an  Embryo  of 
40  mm.  The  transverse  curved  line  indicates  the  position  of  the  aponeurosis  of 
the  levator,  developed  between  the  two  successive  tides  of  outgrowths  from  the 
conjunctival  fornix  ;  the  upper  larger  ones  form  the  orbital  lobe,  the  lower  knobs 
form  the  palpebral  lobe  of  the  gland.  (Speciale-Cirincione,  1909.) 

though  less  rapidly,  after  the  age  of  forty  (Goz,  1908)  ;  in 
old  age  the  glandular  substance  atrophies  and  the  inter- 
stitial tissue  increases. 

Considerable  variation  is  found  in  the  size  and  form  of 
the  gland,  as  is  to  be  expected  from  the  mode  of  development. 
Bock  (1896)  found  it  as  usually  described  only  in  9  out  of 
20  cases  ;  the  orbital  lobe  extended  to  a  very  variable 
distance  backwards  into  the  orbit,  and  varied  from  n  to 
22  mm.  in  length  and  from  5  to  12  mm.  in  breadth  ;  the 
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palpebral  lobe  was  undeveloped  in  seven  cases.  The  gland 
is  relatively  larger  in  the  child,  as  in  the  female,  where  the 
upper  eyelid,  of  which  the  gland  is  but  an  annexe,  is  also 
relatively  larger  and  more  mobile  than  in  the  male.  Ter- 
linck  and  Gallemaerts  describe  cases  of  congenital  lacrimal 
fistula  in  which  the  normal  secretion  was  discharged  by 
an  opening  on  to  the  face  of  the  upper  eyelid. 

The  lacrimal  gland  is  found  first  in  the  amphibia,  and  in 
air-breathing  vertebrates  it  appears  first  in  the  lower  lid, 
as  in  the  triton,  and  the  higher  the  series  examined  the 
further  the  gland  is  found  to  have  migrated  towards  and 
round  the  lateral  commissure,  until  the  outer  part  reaches 
the  upper  eyelid  and  there  predominates  (Fig.  102).  The 
phylogeny  of  the  gland  in  mammals  has  been  studied  by 
Broman  and  Ask  (1910). 

II.  The  Membranous  Lacrimal  Passages.- -The  tears 
excreted  by  the  lacrimal  gland  into  the  supero-lateral  region 
of  the  conjunctival  sac  are  spread  over  the  surface  of  the 
globe  by  the  movement  of  the  eyelids  aided  by  gravity, 
and  collect  in  the  lacus  lacrimalis  at  the  medial  angle  of  the 
eye  ;  they  then  pass  by  capillarity  through  the  lacrimal 
puncta,  the  minute  openings  on  the  summit  of  the  lacrimal 
papillae,  into  the  lacrimal  canaliculi,  which  run  horizontally 
through  the  thickness  of  the  lacrimal  portions  of  the  lid 
margins  and  conduct  the  fluid  into  the  lacrimal  sac  lying  in 
the  lacrimal  fossa  ;  the  membranous  passage  formed  by 
the  sac  is  continued  directly  downwards  as  the  naso-lacrimal 
duct,  which  traverses  the  bony  naso-lacrimal  canal,  to  open 
by  its  lower  extremity  into  the  inferior  meatus  of  the  nasal 
cavity  (Fig.  112).  The  lacrimal  passages  thus  lead  from  the 
conjunctival  sac  to  the  nasal  cavity,  and  may  conveniently 
be  described  in  three  parts  : 

(i.)  The  lacrimal  canaliculi. 
(ii.)  The  lacrimal  sac. 
(iii.)  The  naso-lacrimal  duct. 

(i.)  The  lacrimal  papillae  (papillae  lacrimales)  are  placed 
one  on  each  lid  margin  at  the  junction  of  its  ciliary  and 
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lacrimal  portions,  and  on  the  posterior  edge.  They  are  pale, 
being  but  little  vascularised  ;  their  prominence  is  increased 
in  the  aged  owing  to  atrophy  of  the  muscle  fibres  which 


OST/UM  LAC. 

PLICA  HASN. 


CONCHA  INF. 


FIG.  112. — Sketch  from  a  frontal  section  through  the  Right  Nasal  Cavity  viewed 
from  in  front,  to  show  the  relation  of  the  lacrimal  passages  to  the  ethmoidal 
cells,  the  inferior  concha,  and  the  maxillary  sinus.  The  lining  mucous  membrane 
is  coloured  to  emphasise  its  continuity.  The  lacrimal  sac  is  represented  as  usual 
in  an  abnormal  dilated  condition.  (After  GeYard,  1907.)  x  about  2. 

encircle  them  at  their  base.  The  lacrimal  point  or  punctum 
(punctum  lacrimale)  is  the  minute  circular  or  oval  opening 
of  the  canaliculus  which  appears  on  the  summit  of  the 
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papilla,  and  since  the  papillae  are  directed  backwards  the 
lids  must  be  slightly  everted  to  see  the  openings.  They  are 
well  displayed  in  Fig.  76,  p.  153,  and  in  Fig.  120  ;  they  lie 
in  the  same  plane  as  the  orifices  of  the  tarsal  glands,  the 
nearest  of  which  is  only  |-  to  i  mm.  distant.  The  inferior 
punctum  lies  6-5  mm.  and  the  superior  6  mm.  lateral  to  the 
medial  canthus,  so  that  when  the  lids  are  shut  the  points 
are  not  superimposed,  but  the  inferior  lies  just  to  the  lateral 


FIG.  113. — Reconstructions  of  two  types  of  the  Naso-Lacrimal  Passages.  The 
left  one  is  from  an  adult  aged  60  years,  and  shows  a  regular  type.  The  right 
one  is  from  a  man  aged  65  years,  and  shows  the  marked  irregularity  these 
passages  may  present.  (From  Schaeffer,  1912.)  x  2. 

side  of  the  superior  ;  the  reverse  arrangement  has,  however, 
been  seen  to  occur  (Dieulafe,  1905)  ;  the  diameter  of  the 
lower  one  is  3  mm.,  that  of  the  upper  2-5  mm.  They  are 
plunged  into  the  lacus  lacrimalis,  the  inferior  orifice,  like 
the  papilla  on  which  it  is  placed,  being  directed  backwards 
into  the  groove  between  the  globe  and  the  plica  semilunaris, 
whilst  the  superior  papilla  with  its  punctum  is  directed 
downwards  as  well  as  backwards  into  the  groove  between 
the  plica  and  the  caruncle  ;  both  puncta  touch  the  cornea 
when  the  eye  is  turned  strongly  nasalwards.  The  orifices 
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are  encircled  by  a  ring  of  dense  connective  tissue,  so  that 
they  always  remain  patent  and  capillarity  is  ensured. 

The  lacrimal  canaliculi  or  ducts  (ductus  lacrimales),  into 
which  the  puncta  lead,  are  two  minute  canals,  each  running  in 
the  thickness  of  the  lacrimal  part  of  the  lid  margin  behind  the 
medial  commissure  to  enter  the  lacrimal  sac.  They  there- 
fore constitute  the  palpebral  part  of  the  lacrimal  passages. 


FIG.  114. — Magnified  section  of  the  Punctum  and  vertical  portion  of  the  Lacrimal 

Canaliculus  of  the  Lower  Eyelid. 

i  =  infundibulum  \  2  =  angnstia.',  3  =  piriform  dilatation,  and  4  =  sacculiform  dilatation,  the 
two  forming  the  aMipulla\  5  =  "  valve  "  of  Bochdaleck;  6  =• "  valve "  of  Foltz  ;  7  =  commencement 
of  horizontal  part  of  canaliculus. 

The  total  length  is  about  10  mm.  (Gerlach,  1880),  the  lower 
one  being  a  little  longer  than  the  upper,  in  harmony  with  the 
more  lateral  position  of  its  punctum.  Each  is  bent  nearly 
at  right  angles  into  two  unequal  portions,  a  shorter  vertical 
part  lying  in  the  papilla,  united  by  a  widened  angle  to  a 
longer  horizontal  part  which  runs  along  the  lid  margin. 

The  vertical  part  (pars  verticalis)  begins  with  an  inverted 
funnel-shaped  lumen,  the  infundibulum  of  Foltz,  of  which 
the  base  corresponds  to  the  punctum  and  the  neck  is 
called  the  angmtia  of  Gerlach  ;  it  leads  into  the  dilata- 
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tion  of  the  angle  or  ampulla,  which  is  subdivided  into  two 
secondary  piriform  and  sacciform  recesses,  and  then  narrows 
slightly  as  it  turns  into  the  horizontal  part  ;  there  may  be 
further  recesses  of  the  ampulla  directed  in  the  opposite 
direction  towards  the  ciliary  part  of  the  lid  margin,  as 
found  in  a  model  reconstructed  by  the  writer.  The  total 
height  of  the  vertical  part  is  from  1-5  mm.  to  2  mm.,  of 
which  0-5  mm.  is  formed  by  the  infundibulum  (Heinlein, 
1875)  ;  the  diameter  of  the  punctum  is  from  0-2  to  0-3 
mm.,  that  of  the  ampulla 
is  i  mm.  (Merkel). 

The  horizontal  por- 
tion (pars  horizontalis) 
runs  from  the  base  of 
the  vertical  portion 
medially  along  the  lid 
margin  to  the  lacrirnal 
sac ;  this  part  is  not 
strictly  horizontal,  but 
inclines  towards  its 
fellow  of  the  opposite 
lid  as  it  courses  medi- 
ally the  lower  One  is  FIG.  115. — Section  of  the  medial  part  of  the  Eyelids 
V  1,4.1  j  passing  along  the  Lacrimal  Canaliculi. 

Cly  fVe  The    ngure)   taken   from    Gerlach  (1880),   is 

drawn  from  a  sixth-month  foetus,  a  fact  that 
is  not  mentioned  in  the  numerous  reproduc- 
tions of  this  Illustration.  x  13. 


c.  —  medial  end  of  palpebral  fissure;   orb.  =  the   orbi- 
•  s.c.,  i.e.  =  the  two  canaliculi ;  /. s.  = 


The  length  is  from  6 
to  7  mm.  (Gerlach)  or 
from  7 to  9  mm.  (Henle), 
and  the  diameter  is  from 
0-3  to  0-6,  but  can  be 

dilated  to  1-5  mm.,  the  inferior  being  -5  mm.  longer  and  a 
little  wider  than  the  superior  ;  though  the  lumen  is  small 
the  elasticity  of  the  walls  allows  of  a  dilatation  to  three  times 
the  normal  calibre,  and  for  the  same  reason  a  probe  will 
easily  straighten  out  the  angle  between  the  vertical  and 
horizontal  portions,  but  the  sclerous  nature  of  the  punctum 
does  not  favour  its  regaining  the  normal  size  after  passage 
of  an  instrument,  and  the  capillarity  of  the  opening  may 
thereby  be  interfered  with. 

The  base  of  the  papilla  lies  buried  in  the  fibres  of  the 
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orbicularis  oculi  muscle  (pars  lacrimalis) ,  which  cross  one 
another  and  are  disposed  in  a  more  or  less  sphincter-like 
manner  (Fig.  126,  p.  242),  forming  the  musculus  quadrangu- 
laris  constrictor  puncti  lacrimalis  (Halben,  1903  ;  Gerlach, 
Merkel),  which  is  considered  to  have  a  definite  sphincter 
action,  but  owing  to  the  density  of  the  walls  the  lumen  is 
probably  not  reduced  in  normal  winking,  though  it  may  be 
in  blepharospasm.  The  horizontal  portion  of  the  canaliculus 
is  likewise  surrounded  on  all  sides  by  the  same  muscle 
fibres  (as  seen  in  Fig.  121),  which  some  authors  describe  as 
being  spirally  arranged  round  the  tube  and  even  attached 
to  its  walls  by  elastic  fibres  (Klodt,  1893  ;  Krehbiel,  1878  ; 
Heinlein,  1875),  though  this  arrangement  was  not  found  by 
Halben  and  could  not  be  confirmed  by  the  present  writer, 
who  found  the  fibres  running  parallel  with  the  canaliculus 
on  all  sides,  though  less  abundant  posteriorly  ;  contraction 
of  these  fibres  draws  the  papillae  medially  and  directs  them 
into  the  lacus  lacrimalis,  a  fact  that  can  be  verified  by 
everting  the  medial  parts  of  the  lids  so  as  to  expose  the 
points,  and  then  instructing  the  patient  to  try  and  blink  ; 
the  action  may  also  increase  the  calibre  of  the  canaliculi. 

The  canaliculi  usually  pierce  the  lacrimal  fascia  separately, 
as  shown  in  Fig.  118,  and  then  unite  to  form  a  common 
canal  of  union  about  -8  mm.  long,  which  narrows  slightly 
before  it  enters  the  lacrimal  sac  ;  a  conjoint  termination 
of  the  canaliculi  into  the  sac  is  described  as  the  normal  by 
some  writers  (Sappey,  Foltz,  Hyrtl),  and  has  been  found 
to  occur  in  109  cases  out  of  112  by  Lesshaft  (1868),  who  has 
made  a  special  study  of  the  question  ;  on  the  other  hand, 
Huschka  (quoted  by  both  Merkel  and  Schirmer)  found  a 
common  opening  only  in  14  per  cent.  The  different  views 
may  be  accounted  for  by  a  distinction  not  having  been  made 
between  the  lacrimal  fascia  and  the  wall  of  the  sac  itself. 
The  canal  of  union  is  really  a  diverticulum  of  the  sac,  as 
shown  by  its  structure,  and  it  is  often  enlarged  to  form  a 
so-called  '  sinus  of  Maier,"  as  found  in  14  per  cent  by 
Huschke ;  the  position  is  shown  in  Fig.  125  and  an 
example  in  Fig.  113.  The  point  of  entrance  into  the  sac 
is  situated  a  little  above  the  middle  of  its  lateral  wall  about 
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2\  mm.  from  the  upper  end  ;  it  lies  nearly  opposite  the 
mid-point  of  the  medial  palpebral  ligament,  but  2-3  mm. 
deep  to  its  surface  ;  the  ligament  covers  the  medial  third 
of  the  canaliculi  and  their  common  canal  of  union,  and 
behind  this  part  of  their  course  lies  the  pars  lacrimalis  or 
Horner's  muscle  (Fig.  121,  p.  231). 

The  lacrimal  sac  and  the  naso-lacrimal  duct  form  one 
continuous  membranous  tube,  and  a  distinction  between 
them  is  hardly  justified  on  developmental,  structural,  or 
physiological  grounds,  though  one 
must  be  drawn  for  practical  purposes 
on  their  anatomical  relations.  It  is 
really  an  '  orbit o-nasal  tube,"  of 
which  the  upper  part  lies  beneath  the 
periorbita  or  lacrimal  fascia  in  a  groove 
(lacrimal  fossa)  on  the  medial  margin 
of  the  orbit,  and  the  middle  part  is 
contained  in  an  osseous  channel  (naso- 
lacrimal  canal)  in  the  maxilla  ;  more- 
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subdivided  into  three  parts 
according  to  its  external 
relations.  The  figure  is 
drawn  to  scale,  natural 
size,  after  the  measure- 
ments of  Power  and 
Aubaret. 


over,  beyond  the  lower  end   of  this  „ 

FIG.  1 1 6. — Diagram  to  show 

part  the  tube  often  runs  downwards       the  Orbito-Nasal  Tube 

some    distance    beneath    the     lining 

mucous    membrane    of     the     lateral 

wall  of  the  inferior    meatus    of  the 

nose  before  it  opens  into  that  space. 

Thus   there  may  be  demarked  three 

i  =  the  lacrimal  sac,  covered  by 

parts  of  the  tube,  orbital,  maxillary,   the  lacrimal  fascia. 

r^  2  =  the  inter-osseous  part  of  the 

meatal,  which  are  respectively   sub-  naso-iacrimai  duct. 

,  3  =  the  meatal  part  of  the  duct ; 

periOrbltal,      inter-OSSeOUS,      and       SUb-     the  rare  condition  of  a  Prolonga- 

.  .    .  tion    of    the   passage    below    the 

mucous    as    regards  their  positions  ;  opening  ;s  indicated  by  a  dotted 
the  first  part  is  called  the  lacrimal 

sac,  the  second  and  third  together  form  the  naso-lacrimal 
duct.  The  whole  tube  can  be  dissected  out  from  the 
surrounding  parts,  when  it  will  be  realised  that  the  differ- 
entiation is  largely  extrinsic  and  relational  (Figs.  116,  117). 
In  the  new-born  infant  the  whole  channel  is  regularly 
cylindrical  in  shape  (Rochon-Duvigneaud,  1900  ;  Aubaret, 
1910;  Lepage),  but  marked  secondary  modifications  of 
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the  form,  both  internal  and  external,  are  usually  found  in 
the  adult. 

At  this  period  of  full  development  two  main  types  of 
tube  are  found  : 

(a)  Regularly  cylindrical  in  outward  form,  with  no 
differentiation  into  sac  and  duct.  This  retention  of  the 
primitive  shape  was  found  "by  Aubaret  to  occur  in  32  out 
of  116  specimens.  The  external  diameter  was  about  5  mm. 


FIG.  117. — Right  Lateral  Nasal  Wall  viewed  from  inside,  showing  the  lacrimal  sac 
and  naso-lacrimal  duct  lifted  out  of  their  osseous  channels.     Natural  size. 

(b)  Irregular  types ;  in  some  (28  out  of  116)  the  upper 
end  of  the  tube  is  enlarged,  so  forming  a  sac  as  usually 
described,  though  it  is  to  be  noted  the  increase  in  size  is  in 
an  antero-posterior  direction  only ;  in  others  (26)  the  lower 
part  of  the  tube  presents  a  second  dilatation,  giving  the 
classical  hour-glass  shape,  but  the  constriction  between  the 
two  parts  does  not  coincide  with  the  bony  junction  of  fossa 
and  canal,  being  situated  below  this  point ;  in  some  (6) 
the  whole  tube  is  uniformly  enlarged.  In  these  irregular 
types  the  external  diameter  varies  from  2  mm.  in  the 
narrowest  to  9  mm.  in  the  widest  part. 
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It  will  be  realised  that  the  tube  necessarily  conforms 
in  shape  to  the  bony  fossa  and  canal  in  which  it  is  lodged, 
and  the  casts  of  these  bony  passages  taken  by  Zabel  (1900), 
like  the  reconstructions  of  Schaeffer,  therefore  serve  to 
illustrate  the  outward  form  of  the  soft  contents  (Fig.  34, 
p.  74,  and  Fig.  113). 

Since  the  sac  and  duct  into  which  the  tube  is  conveniently 
divided  present  marked  differences  in  their  anatomical 
relations,  they  must  now  be  described  separately,  the  internal 
configuration  and  structure  being  subsequently  considered 
as  a  whole. 

(ii.)  The  laerimal  sac  (saccus  lacrimalis)  is  lodged  in  the 
fossa  sacci  lacrimalis  on  the  medial  margin  of  the  orbit.  On 
its  lateral  or  ocular  aspect  it  is  covered  over  by  the  periorbita, 
which  splits  at  the  posterior  laerimal  crest,  one  layer  follow- 
ing the  bone  and  lining  the  fossa,  the  other  bridging  straight 
across  it  to  reach  •  the  anterior  laerimal  crest  and  being 
attached  below  to  the  incisura  lacrimalis  or  upper  edge  of 
the  bony  naso-lacrimal  canal.  The  laerimal  sac  is  roofed 
over  completely  by  the  periorbita,  and  so  smoothly  does  this 
membrane  maintain  the  contour  of  the  medial  orbital  wall 
that  after  removal  of  the  eyelids  and  the  entire  contents  of 
the  orbit  the  only  indication  of  the  position  of  the  laerimal 
sac  is  afforded  by  the  orifices  of  the  severed  canaliculi  (Fig. 
118).  This  layer  of  periorbita  which  roofs  the  laerimal 
fossa  is  termed  the  '  laerimal  fascia  '  (fascia  lacrimalis), 
and  although  it  forms  a  strong  definite  layer  of  fibrous 
tissue  readily  demonstrable  by  dissection  and  conspicuous 
in  cross-sections  (Figs.  118,  120,  and  121),  it  is  not  figured, 
and  but  rarely  mentioned,  in  accounts  of  the  anatomy  of 
this  region,  though  sometimes  it  is  referred  to  by  such 
misleading  terms  as  "  deep '  or  even  "  palpebral  fascia." 
Failure  to  realise  its  existence  in  passing  a  probe  through 
an  opening  in  the  supposed  wall  of  the  laerimal  sac  down  the 
duct  leads  the  student  to  force  the  instrument  between  the 
sac  itself  and  the  periosteal  lining  of  the  naso-lacrimal  canal, 
and  naturally  a  difficulty  is  experienced  in  reaching  the 
nasal  cavity.  Usually  there  exists  a  narrow  space  between 
the  laerimal  fascia  and  the  sac,  filled  by  a  minute  venous 
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plexus  continuous  with  that  around  the  duct  and  draining 
into  the  angular  or  supra-orbital  vein,  and  a  separation 
between  them  is  easily  effected  ;  occasionally,  however, 
they  are  adherent,  as  indeed  the  sac  generally  is  to  the 
periosteum  lining  the  medial  wall  of  the  fossa  and  always 
at  its  summit  (fundus).  The  fascia  is  pierced  separately 
by  the  two  canaliculi,  at  which  points  it  sends  reflected 


FIG.  1 1 8. — Dissection  to  show  the  lacrimal  fascia  (fascia  lacrimalis}.  Medial 
Wall  of  Left  Orbit  viewed  from  inside.  The  lining  periorbita  is  left  in  situ. 
The  cut  orifices  of  the  canaliculi  are  seen  in  the  roughened  part  of  the  peri- 
orbita which  covers  the  lacrimal  fossa  and  so  forms  the  lacrimal  fascia  ;  the 
position  of  the  lower  part  of  the  lacrimal  sac  is  indicated  by  a  slit  in  the  lacrimal 
fascia,  immediately  below  which  is  the  cut  end  of  the  inferior  oblique  muscle. 
There  was  an  ethmoidocoele  in  this  wall.  The  trochlea  is  seen  above.  The 
ostium  maxillare  can  just  be  seen.  Natural  size. 

sheaths  along  them  nearly  as  far  as  the  lacrimal  papillae  ; 
it  is  also  pierced  in  its  lower  part  by  a  twig  passing  from 
the  infra-orbital  artery  to  the  naso-lacrimal  duct,  and  by 
filaments  of  the  infra-trochlear  nerve. 

Thus,  confined  by  the  tense  lacrimal  fascia,  as  is  well 
shown  in  Fig.  121,  the  lacrimal  sac  naturally  conforms  to 
the  fossa  within  which  it  lies ;  it  is  flattened  from  side  to 
side  in  the  shallow  upper  part,  becoming  more  rounded 
below  where  it  joins  the  cylindrical  naso-lacrimal  duct. 
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It  therefore  does  not  represent  the  upper  dilated  end  of  the 
duct,  as  commonly  described  (e.g.  in  Figs.  112,  125),  but 
the  two  together  may  be  likened  to  the  end  of  a  quill  pen 
seen  sideways,  as  is  well  illustrated  in  the  next  figure  and 
by  Fig.  34,  p.  74.  Just  as  deep  or  shallow  forms  of  lacrimal 
fossae  are  found  in  the  skull,  so  variations  in  the  size  of  the 
sac  may  be  expected.  The  average  dimensions  are  given 
on  p.  237. 

The  flattened  upper  part  of  the  sac  above  the  entrance 
of  the  canaliculi  is  termed  the  fundus  (fornix  sacci  lacrimalis)  ; 


FIG.  119. — The  Right  Lacrimal  Sac,  the  Naso-Lacrimal  Duct,  and  the  Mucosa 
of  the  Inferior  Meatus  of  the  Nose,  dissected  out  entire  and  viewed  from  the 
medial  side  (left  figure)  and  from  in  front  (right  figure).  The  mucous  membrane 
is  atrophied,  the  specimen  having  been  taken  from  an  aged  subject,  but  the 
normal  flattened  shape  of  the  lacrimal  sac  and  the  inclination  of  the  whole  tube 
are  well  illustrated.  Natural  size. 

its  summit  lies  from  3  to  5  mm.  above  the  line  of  the  medial 
canthus  and  from  10  to  15  mm.  below  the  trochlea  of  the 
superior  oblique  muscle,  in  the  interval  there  being  situated 
the  anastomoses  between  the  angular  and  ophthalmic 
vessels  and  the  branches  of  the  infra-trochlear  nerve. 

The  relations  of  the  lacrimal  sac  on  its  medial  or  nasal 
aspect  are  those  of  the  corresponding  wall  of  the  bony  fossa, 
which  have  been  described  above  on  p.  66.  On  its  lateral 
or  ocular  side  it  is  first  covered  over  entirely  by  lacrimal 
fascia,  a  primary  relation  to  be  accepted  throughout  the 
whole  of  the  following  description.  Outside  this  the  sac 
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presents  different  relations  in  approximately  its  upper  and 
lower  halves,  and  both  in  front  and  behind.  In  front  of  the 
upper  half  lies  the  anterior  limb  of  the  medial  palpebral 
ligament  (tendo  oculi  internus)  ;  this  does  not  form  a 
narrow  band  crossing  the  sac  about  its  middle  and  allowing 
it  to  bulge  out  above  as  is  sometimes  depicted,  but  covers 
over  the  whole  of  this  half  of  the  sac,  and  is  first  attached 
to  the  upper  part  of  the  anterior  lacrimal  crest  and  then 
spreads  out  to  blend  with  the  periosteum  of  the  bone  beyond, 


FIG.  120. — Dissection  of  the  Medial  Wall  of  the  Left  Orbit  to  show  the  relation  of 
the  pars  lacrimalis  of  the  orbicularis  oculi  or  Homer's  muscle  to  the  upper 
half  of  the  lacrimal  sac  ;  a  window  has  been  cut  through  the  lacrimal  fascia  to 
show  the  position  of  the  lower  half  of  the  sac.  The  relative  positions  of  the 
two  lacrimal  puncta  are  clearly  shown.  Natural  size. 

as  is  well  displayed  in  Figs.  55,  70,  142.  Its  lower  border 
is  thick  and  free,  and  is  separated  from  the  sac  by  fibres 
of  origin  of  the  orbicularis,  as  noted  on  p.  148  ;  its  upper 
part  becomes  thinner,  and  blends  with  the  lacrimal  fascia 
covering  the  fundus  of  the  sac.  This  intimate  connection 
is  noteworthy  as  affording  a  possible  explanation  of  cases 
where  the  lids  swell  up  on  blowing  the  nose  after  a  com- 
paratively light  blow  on  the  eye,  as  in  boxing  :  a  sudden 
strain  is  thrown  upon  the  ligament  and  the  sac  is  torn 
(Fisher,  1904).  Superficial  to  the  ligament  lie  fibres  of 
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origin  of  the  orbicularis  oculi  muscle,  the  angular  vessels, 
and  the  skin. 

Behind  the  upper  half  of  the  lacrimal  sac  there  passes 
the  posterior  or  reflected  limb  of  the  medial  palpebral  liga- 
ment, a  thin  sheet  of  fibres  which  is  difficult  to  identify  and 
must  be  of  little  importance.  Deep  to  it  lies  the  pars 
lacrimalis  (Horner's  muscle),  of  which,  indeed,  the  reflected 
part  of  the  ligament  seems  to  form  but  a  fascial  covering. 
The  muscle  arises  from  the  upper  part  of  the  posterior 
lacrimal  crest  (Fig.  59,  p.  131,  and  Fig.  121),  frequently 


FIG.  121. — Relations  of  the  lacrimal  sac.      Horizontal  section  through  the 
Medial  End  of  the  Lower  Eyelid,  showing — 

i,  the  lacrimal  caruncle  ;  2,  the  lacrimal  canaliculus  ;  3,  the  pars  lacrimalis  muscle  attached 
to  the  posterior  lacrimal  crest  (4)  ;  5,  the  lacrimal  fascia  covering  the  lacrimal  sac  (6) ;  and  7,  the 
anterior  lacrimal  muscle  fibres.  Magnified. 

encroaching  forwards  upon  the  lacrimal  fascia,  and  passes 
forwards  upon  and  laterally  across  the  upper  part  of  the 
sac  from  behind,  as  seen  in  Fig.  120,  to  divide  and  run  along 
each  lid  margin  as  the  pars  tarsalis  of  the  orbicularis  oculi 
muscle.  Deeper  still  behind  the  muscle  origin  lies  the  septum 
orbitale,  separating  it  from  the  fascial  expansion  or  check 
ligament  of  the  medial  rectus  muscle  of  the  eyeball  and  the 
orbital  fat,  as  is  shown  diagrammatically  in  Fig.  150,  p.  287. 
The  chief  structures,  then,  in  relation  to  the  upper  half  of 
the  lacrimal  sac  are  the  medial  palpebral  ligament  in  front, 
and  the  pars  lacrimalis  muscle  behind.  As  previously 
noted,  when  traced  from  the  lateral  side  the  muscle  fibres 
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in  the  lids  lie  in  front  of  the  tar  sal  plates,  and  hence  are 
distinguished  as  the  pars  tarsalis,  but  at  the  medial  angle  of 
the  eye  they  pass  deep  behind  the  sac  and  form  the  pars 
lacrimalis  muscle,  whilst  the  plates  are  continued  on  as 
the  medial  palpebral  ligament  which  passes  in  front  of  the 
sac,  as  shown  in  Fig.  72,  p.  150.  The  more  posterior  attach- 
ment of  the  muscle  ensures  the  plates  being  kept  in  close 
contact  with  the  curved  anterior  surface  of  the  globe,  as 
noted  above  on  p.  150,  and  it  will  be  understood  why, 
when  the  ligament  is  severed  in  operations  giving  access 
to  the  lacrimal  sac,  an  ectropion  or  falling  away  of  the 
lower  lid  margin  from  the  globe  will  not  result  if  the  pars 
lacrimalis  muscle  behind  the  sac  be  not  interfered  with 
(Whitnall,  1913). 

The  lower  half  of  the  sac  presents  simpler  relations,  since 
it  lies  altogether  below  both  medial  palpebral  ligament  and 
pars  lacrimalis  muscle,  as  seen  in  Fig.  70,  p.  146,  and  Fig. 
120  above.  In  front  lie  the  skin,  orbicularis  muscle,  septum 
orbitale,  and  lacrimal  fascia  ;  and  access  to  the  sac  can 
readily  be  obtained  from  this  aspect  by  exposing  and 
separating  (spanning)  the  muscle  fibres  along  its  line,  and, 
if  need  be,  by  upraising  the  ligament.  Pathological  swell- 
ings or  diverticula  of  the  sac  (Fig.  129,  p.  247)  are  most 
commonly  present  in  this  region,  that  is,  below  the  medial 
palpebral  ligament.  On  the  lateral  side  the  inferior  oblique 
muscle  may  arise  partly  from  the  fascia  covering  the  sac, 
and  in  this  region  there  enter  the  latter  branches  from  the 
inferior  palpebral  and  infra-orbital  arteries  ;  otherwise  on 
this  side  and  posteriorly  it  is  in  contact  with  the  orbital  fat. 

The  guides  to  the  position  of  the  lacrimal  sac  are  the 
medial  palpebral  ligament,  made  conspicuous  by  drawing 
the  lids  laterally,  and  the  anterior  lacrimal  crest,  which  can 
be  felt  with  the  finger-tip  along  the  line  of  the  upper  part 
of  the  naso-jugal  fold  ;  there  is  sometimes  a  tubercle  present 
at  the  base  of  the  crest  (Fig.  28,  p.  65).  It  is  often  easy 
to  identify  a  prominent  posterior  lacrimal  crest  as  well  as 
an  anterior  by  placing  the  pulp  of  the  finger  flat  against  the 
side  of  the  nose  in  this  region,  or  the  finger  nail  can  be 
pressed  into  the  hollow  of  the  fossa.  It  is  important  to 
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realise  the  parallelism  of  the  antero-posterior  axis  of  the 
fossa  with  the  medial  orbital  wall. 

(iii.)  The  naso-lacrimal  duct  (ductus  naso-lacrimalis)  is 
the  direct  continuation  downwards  of  the  lacrimal  sac.  It  is 
contained  in  the  naso-lacrimal  canal,  and  leads  likewise 
into  the  inferior  meatus  of  the  nose.  Whereas,  however, 


FIG.  122. — Dissection  of  Right  Lateral  Nasal  Wall,  showing  the  naso-lacrimal 
duct  (17)  exposed  in  situ  ;  its  slit-like  opening  into  the  inferior  meatus  can  be 
seen.  Part  of  the  inferior  and  all  of  the  middle  conchae  have  been  cut  away. 
Compare  with  the  earlier  stage  of  a  similar  dissection  as  shown  in  Fig.  25, 
p.  57.  Natural  size. 

t6  =  an  anterior  ethmoidal  cell  in  relation  to  upper  part  of  lacrimal  sac. 
15  — the  bulla  cthmoidalis. 

Rods  have  been  passed  through  the  openings  of  the  frontal  and  sphenoidaljair-sinuses,  and  the 
tinm  inaxillare  is  conspicuous.     The  hole  on  the  right  of  number  17  is  artificial. 

the  bony  canal  always  opens  into  the  apex  of  the  space, 
the  duct  may  run  for  a  variable  distance  lower  down  beyond 
it  and  beneath  the  mucous  membrane  lining  the  lateral 

of  the  meatus  before  opening  into  the  nose  (Fig.  116). 

whole  duct,  therefore,  is  to  be  considered  in  its  upper 
inter-osseous  portion  and  in  its  lower  meatal  portion.  The 
upper  part  necessarily  conforms  in  outward  shape  and 
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relations  to  the  bony  naso-lacrimal  canal  in  which  it  is 
lodged,  and  these  characters  have  been  described  on  p.  74. 
The  form  is  also  illustrated  by  Figs.  31,  34,  117,  119, 
122.  The  direction  taken  by  the  duct  in  its  downward  pas- 
sage is  described  on  p.  77, 

The  lower  or  meatal  part  of  the  duct  lies  buried  in  the 
mucous  membrane  of  the  lateral  wall  of  the  inferior  meatus, 


FIG.  123. — Horizontal  section  through  the  Nasal  Cavities  of  an  Adult  to  show 
the  bulging  (lacrimal  protuberance)  of  the  naso-lacrimal  canal  (d?il.}  into  the 
maxillary  air  sinus.  (From  Onodi,  1913.) 

ec.  =the  bulla  ethmoidalis  ;  cut.  =the  middle  concha. 

and  is  therefore  related  on  the  one  side  to  the  maxillary 
sinus,  into  which  it  may  bulge,  and  on  the  other  to  the 
meatus  itself.  It  is  the  extent  of  this  part  that  chiefly 
determines  the  variation  in  length  of  the  whole  tube. 

The  inferior  opening,  meatal  aperture,  or  ostium  lacrimale 
of  the  naso-lacrimal  duct  is  most  variable  in  shape  and 
position,  and  is  often  difficult  to  discover  by  inspection. 
In  the  foetus  up  to  eight  months,  often  up  to  birth,  and 
sometimes  even  in  the  new-born  child,  the  duct  is  closed 
below  by  a  thin  partition  formed  by  the  approximation 
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of  the  lining  membrane  of  the  nose  to  that  of  the  duct,  the 
ostium  being  subsequently  formed  by  its  dehiscence.  The 
resulting  opening,  which  is  rarely  as  large  as  the  lumen  of 
the  duct,  may  be  round  or  linear,  vertical  or  transverse, 
punctiform  or  even  duplicate.  Holmes  found  it  nearly 
always  slit-like  and  very  fine  ;  it  may  be  guarded  by  a 
valve,  a  flap,  or  a  diaphragm. 

It  may  be  followed  by  a  gutter  or  groove  continuing  the 
line  of  the  duct  downwards  (the  '  lacrimal  sulcus '  of 
Verga)  ;  sometimes  this  gutter  is  bridged  across  by  threads 
of  mucous  membrane  (Henle),  or  even  completely  closed 
over,  so  that  the  duct  is  continued  down  beyond  the  ostium, 
and  the  blind  end  may  reach  as  far  as  the  incisive  foramen 
on  the  nasal  floor  (Bochdalek)  ;  in  such  cases  a  probe  might 
be  passed  along  this  lower  continuation  of  the  duct  without 
opening  up  the  ostium  (Fig.  116). 

Aubaret  (1910)  emphasises  the  importance  of  the  degree 
of  permeability  of  the  opening  and  its  influence  upon  both 
the  shape  and  the  lining  membrane  of  the  duct  and  sac  ; 
out  of  139  specimens  examined  by  him,  80  presented  visibly 
open  orifices  and  59  appeared  closed  ;  but  he  concludes 
that  whatever  be  the  shape,  dimension,  or  degree  of  opening, 
the  ostium  is  permeable  to  the  air  of  the  nose,  and  if  valves 
are  present  they  are  ineffectual.  A  widely  patent  opening 
would  allow  of  a  raising  of  the  air  pressure  within  the  duct 
and  sac  each  time  the  nose  is  blown,  with  a  consequent 
expansion  in  the  direction  of  least  resistance  during  develop- 
ment and  possibly  a  resulting  evolution  of  the  lining  mucosa 
into  an  atrophic  type  ;  the  greater  the  degree  of  permea- 
bility, the  more  will  the  air  pressure  affect  the  calibre  of 
the  duct.  He  found  the  regularly  cylindrical  types  of  tube 
correlated  with  a  small  inferior  meatal  orifice,  whilst  the 
irregular  types  all  had  permeable  openings,  and  in  those 
cases  where  the  whole  duct  was  uniformly  enlarged  there  was 
a  wide  ostium.  The  writer's  cases  corroborate  these  ob- 
servations, though  a  fine  slit-like  opening  was  more  com- 
monly found.  It  would  therefore  appear  possible  to 
ascertain  to  some  extent  the  probable  condition  and  size 
of  the  duct  by  inspection  of  the  opening. 
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The  position  of  the  ostium  is  variable.  Swerschewsky 
(1910)  described  three  positions  : 

(i.)  In  the  roof  of  the  inferior  meatus  of  the  nose, 
coinciding  with  the  aperture  of  the  bony  naso-lacrimal  canal, 
and  found  in  45  per  cent.  There  was  a  fold  guarding  the 
opening  in  27  per  cent  of  these,  a  diaphragm  in  12  per  cent, 
a  circular  orifice  in  6  per  cent.  Rochon-Duvigneaud,  how- 


FIG.  124. — Diagram  to  illustrate  the  position  of  the  opening  of  the  Naso-Lacrim? 
Duct  (ostium  lacrimale)  on  the  lateral  wall  of  the  inferior  meatus  as  if  seer 
through  the  overhanging  inferior  concha.  The  figures  (taken  from  the  measure- 
ments of  Holmes,  1919)  show  in  millimetres  the  average  of  50  specimens  in 
heavy  type,  with  the  extremes  on  either  side  in  lighter  type. 

ever,  found  this  position  to  occur  only  in  5  per  cent  of 
cases. 

(ii.)  Opening  below  this  point  on  the  side  wall  of  the 
interior  meatus  in  49  per  cent,  the  generally  described 
position.  The  aperture  was  a  wide  one  in  18  per  cent,  a 
half-open  canal  in  16  per  cent,  and  a  small  groove  in  15 
per  cent  of  these.  This  last  was  the  condition  considered 
by  him  to  be  most  favourable  to  disease. 

(iii.)  Opening  far  in  front  or  behind  as  a  small  canal  in 
3  per  cent. 

The  generally  described  position  is  at  about  the  middle 
of  the  side  wall  of  the  meatus,  30  mm.  or  ij  inch  behind 
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the  lateral  margin  of  the  anterior  nares,  and  opposite  the 
junction  of  the  first  and  second  quarters  of  the  attached 
border  of  the  inferior  concha  which  overshadows  it.  The 
detailed  measurements  of  its  position  from  various  points 
are  shown  in  the  above  diagram  made  from  the  figures 
given  by  Holmes  (1919)  after  an  examination  of  fifty 
specimens. 

It  would  appear  that  Winslow's  location  of  the  position 
by  intersecting  lines,  one  drawn  horizontally  from  the 
inferior  border  of  the  ala  of  the  nose,  the  other  vertical  and 
passing  through  the  second  molar  tooth  or  between  the  second 
and  third  molars,  can  give  only  approximate  results. 

The  dimensions  of  the  lacrimal  sac  and  naso-lacrimal 
duct  correspond  with  those  of  the  bony  fossa  and  canal  given 
on  p.  73  ;    the  dimensions  of  the  sac  are  a  little  less  than 
those  of  the  bony  fossa,  being  on  an  average  12  mm.  (J  inch) 
long  and  from  4  to  8  mm.  (J  inch)  broad  ;  the  lateral  width 
differs  according  to  the  part  of  the  sac  measured,  but  is 
about  2  or  3  mm.  in  the  mid-region.     The  inter-osseous 
part  of  the  duct  measured  in  length  on  an  average  12*4  mm. 
(i  inch),  the  meatal  portion  5-32  mm.  (J  inch),  with  extremes 
of  from  i  to  12  mm.  in  sixty  observations  made  by  Aubaret. 
Onodi  gives  a  total  length  of  the  tube  as  about  30  mm. 
(ij  inch),  comprised  by  the  sac  of  12-14  mm.,  intra-osseous 
part  of  duct  10  mm.,  meatal  portion  5  mm.,  as  illustrated  in 
Fig.  116,  p.  225.     A  further  measurement  of  practical  value 
is  the  distance  that  the  upper  or  orbital  opening  of  the  duct 
lies  above  the   nasal  floor,   since   the  figure  includes  the 
extreme  extent  of  any  meatal  part  of  the  duct.     Power 
(1886)  found  an  average  distance  of  27-4  mm.  in  292  Euro- 
pean skulls  ;    Gerard  (1907)  an  average  of  23-3  mm.,  with 
extremes  of  25  mm.  and  40  mm.  in  69  skulls,  and  he  empha- 
sises the  importance  of  retaining  this  highest  extreme  of 
40  mm.  (ij  inch)  as  the  least  length  that  should  be  given 
to  that  part  of  the  catheter  destined  to  traverse  completely 
the  whole  duct. 

The  external  calibre  of  the  duct  will  be  in  harmony  with, 
and  vary  according  to,  that  of  the  canal,  as  described  on 
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p.  75,  but  the  lumen  presents  greater  variations,  since  not 
only  is  the  lining  mucous  membrane  commonly  thrown 
into  folds  and  ridges  (as  illustrated  by  the  second  type  in 
Fig.  113),  but,  like  the  nasal  mucosa,  may  vary  from  the 
hypertrophic  condition  found  in  chronic  catarrh  to  the 
atrophic  form  of  old  age.  Normally  the  lumen  of  both  sac 
and  duct  is  a  mere  cleft,  but  will  take  a  probe  of  3-5  mm. 
diameter  (Treves).  The  normal  capacity  of  the  sac  is  given 
by  Hyrtl  as  20  c.mm.,  but  Arlt  found  that  it  could  be  in- 
jected until  it  measured  4  mm.  in  transverse  width,  with  a 
capacity  of  120  c.mm.  Aubaret,  again  insisting  upon  the 
effects  of  a  permeable  lower  opening,  describes  narrow  ducts 
of  from  i  to  3  mm.  in  internal  diameter  and  dilated  ones 
of  from  3  to  7  mm.,  41  out  of  60  specimens  being  of  the  latter 
class  ;  in  the  former  the  mucous  membrane  is  thick  (as  in  Fig. 
127),  in  the  latter  thin  (as  in  Fig.  121).  His  fusible  metal 
casts  of  the  sac  and  duct  illustrate  well  the  variable  morpho- 
logy of  the  passages,  but  a  slightly  artificial  dilatation  of 
the  sac  is  to  be  expected  by  this  means.  Theobald  obtained 
an  average  transverse  width  of  from  4  to  4-7  mm.  in  ten 
ducts  measured  on  the  cadaver,  slightly  greater  than  the 
canals  in  the  skull,  and  explained  by  the  elasticity  and 
yielding  of  the  bones  in  the  fresh  condition.  Onodi  (1913) 
gives  the  following  diameters  (presumably  internal)  of  the 
nasal  duct  in  children  :  in  the  new-born  infant  between 
1-5  and  2  mm.  ;  in  one  of  2  months,  2  mm.  ;  at  5  months, 
between  2  and  3-5  mm.  ;  at  8  months  between  3  and  8  mm. ; 
in  a  child  of  n  months  it  was  2  mm.,  in  a  child  of  12  months, 
3  mm. ;  in  a  child  of  14  months,  1-5  mm. ;  in  one  of  3  years, 
2-5  mm.  The  average  diameter,  therefore,  in  young  children 
is  about  2  mm. 

Internal  Configuration  of  the  lacrimal  passages. — In 
the  new-born  the  lining  mucous  membrane  of  the  passages 
is  utricular,  irregularities  being  left  in  the  walls  after  dis- 
integration and  absorption  of  the  solid  epithelial  cord  from 
which  they  are  developed.  In  the  adult  most  of  the 
crypts  and  folds  disappear,  but  some  persist,  and  if  cor- 
related with  a  patent  lower  meatal  orifice  may  develop  under 
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the  influence  of  a  raised  air-pressure  into  so-called  valves 
and  sinuses  ;  on  the  other  hand,  they  may  be  occasioned 
by  a  gradual  distension  due  to  accumulation  of  tear  fluid 
and  mucus,  with  an  insufficiently  clear  lower  passage.  The 
folds  are  of  no  special  structure  or  anatomical  regularity, 
but  occasionally  some  are  sufficiently  well  developed  to  be 
termed  "  valves,"  though  their  role  as  such  is  doubtful. 

They  have  been  specially  studied  by  Aubaret  (1908), 
and  the  positions  they  occupy  and  the  names  by  which  they 
have  been  dignified  are  shown  in  Fig.  125  ;  they  appear, 
however,  most  inconstant,  as  for  example  the  valve  in  the 
middle  of  the  naso-lacrimal  duct  (Taillefer),  which  is  said 
to  occur  only  in  6  per  cent  of  cases.  The  most  important 
and  most  frequently  developed  fold  is  one  situated  at  the 
meatal  opening  of  the  naso-lacrimal  duct,  the  plica  lacrimalis 
or  valve  of  Hasner,  though  previously  described  by  others  ; 
it  is  the  remains  of  the  foetal  membrane  closing  the  lower 
end  of  the  duct,  and  a  blocking  and  distension  of  the  tube 
may  be  caused  by  accumulation  of  epithelial  debris  above 
it ;  when  present  in  the  adult  it  is  rarely  efficient  as  a  valve, 
since  incompetency  was  found  experimentally  by  Aubaret 
in  90  per  cent  of  cases.  On  the  other  hand,  Bert  (quoted 
by  Aubaret)  found  that  coloured  fluids  injected  into  the 
nose  escaped  from  the  lacrimal  puncta  only  three  times  in 
eighteen  experiments,  whereas  direct  injections  into  the 
duct  invariably  appeared  at  these  points,  showing  that  the 
valves  above  Hasner's  were  always  incompetent.  •  Passages 
of  the  enlarged  atrophied  type  associated  with  widely  open 
ostia  would  explain  the  instances  recorded  of  smokers  who 
could  cause  fumes  to  escape  from  the  puncta.  From  a 
:linical  point  of  view,  a  paper  by  Tartuferi  (1902)  on 
catarrhal  conditions  of  the  passages,  'well  illustrated  by 
microscopical  sections  showing  various  folds,  is  here  worthy 
of  reference. 

The  folds  are  considered  to  be  the  usual  cause  of  ob- 
struction to  the  course  of  the  tears  or  the  passage  of  a 
sound  ;  and  in  connection  with  this,  it  may  be  of  interest  to 
summarise  the  possible  natural  obstacles  to  the  passage  of 
a  probe  along  the  lacrimal  passages  (Gerard,  1907) : 
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(a)  Osseous. — Accentuation  of  the  angle  between  the 
long  axes  of  the  lacrimal  fossa  and  naso-lacrimal  canal,  such 
as  occurs  when  the  anterior  nares  is  narrow  ;  the  develop- 
ment of  a  spur  at  the  base  of  either  the  anterior  or  posterior 
lacrimal  crest  may  narrow  the  upper  aperture  of  the  canal, 
or  the  presence  of  a  well-developed  hamular  process  may 


FIG.  125.— Diagram  to  show  the  position  of  the  so-called  Valves  of  the  Naso- 
Lacrimal  Passages  (after  Aubaret).  The  valves  are  numbered  as  follows,  with 
the  names  by  which  they  are  known : 

i  =  Bochdaleck ;  2  =  Foltz;  3  =  Rosenmuller  or  Huschka ;  4  =  spiral  valve  of  Hyrtl  (which 
by  an  error  is  wrongly  placed  in  the  diagram  :  it  should  lie  in  the  duct,  not  .the  sac,  and.' end 
below  in  valve  6,  not  5)  ;  5,  the  valve  of  Krause  or  Beraud  ;  6  =  Taillefer  ;  7  =  Homer,  Hasner, 
Bianchi,  or  Cruveilhier,  the  plica  lacrimalis^  ;  S  x  =  the  sinus  of  Maier  ;  S  2  =  the  sinus  of  Arlt. 

The  lacrimal  sac  is  shown  in  the  conventional  dilated  condition. 

raise  its  level ;  the  canal  may  be  constricted  about  its  middle 
(see  p.  76)  ;  a  prominent  supra-orbital  ridge  may  throw 
the  upper  end  of  the  probe  too  far  forwards. 

(b)  Membranous. — Mucous  folds  in  the  canaliculi, 
dilatations  or  sinuses  of  the  sac,  or  valves  in  the  duct, 
may  be  sources  of  difficulty  ;  the  ostium  may  be  guarded 
by  a  diaphragm  ;  the  point  of  a  probe  may  pass  beyond 
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the  meatal  opening  and  lie  in  a  blind  continuation  of  the 
duct. 

The  Structure  of  the  Lacrimal  Passages.- -They  are 
essentially  formed  throughout  by  a  mucous  membrane 
continuous  with  the  conjunctiva  at  the  lacrimal  puncta,  and 
with  the  nasal  mucosa  at  the  inferior  orifice  of  the  naso- 
lacrimal  duct  (Fig.  112,  p.  220).  This  continuity  of  the 
membrane  is  of  considerable  clinical  importance,  since  in 
Kuhnt's  experience  disease  of  the  lacrimal  passages  has  a 
nasal  origin  in  93*7  per  cent  of  cases,  though  micro-organisms 
of  conjunctival  origin  may  cause  inflammation  of  the  lacrimal 
sac  (Onodi,  1913).  This  lining  membrane  is  reinforced  by 
elastic,  connective,  and  muscle  fibres  in  the  canaliculi,  by 
fibre-elastic  tissue  in  the  sac,  and  by  cavernous  erectile 
tissue  in  the  duct.  It  differs  from  the  conjunctiva  in  that 
its  mucous  tissue  is  rich  in  elastic  fibres,  is  thicker,  and  more 
vascular ;  it  gradually  assumes  the  characters  of  the  nasal 
mucosa  as  it  approaches  the  nasal  cavity,  and  it  shares  the 
degree  of  atrophy  or  hypertrophy  of  that  lining  membrane. 

The  canaliculi  are  lined  by  an  epithelium  which  is  thicker 
here  than  elsewhere  in  the  passages,  stratified  six  to  twelve 
layers  deep  on  the  surface,  but  cylindrical  below ;  the 
presence  of  a  basal  membrane  is  disputed.  Outside  the 
epithelium  of  the  canaliculi  is  a  fibrous  layer  derived  from 
the  lacrimal  fascia,  which  is  reflected  along  them  from  the 
points  where  they  pierce  it ;  it  is  characterised  by  a  rich 
development  of  elastic  fibres,  which  spread  out  amongst  the 
muscle  fibres  of  the  pars  lacrimalis  in  which  these  channels 
are  buried  (Halben,  1903;  Fig.  126).  Round  the  vertical 
part  of  the  canaliculus  and  papilla  the  elastic  tissue  is  denser 
and  the  connective  tissue  of  these  portions  is  continuous 
with  that  of  the  tarsal  plates  ;  round  the  puncta  the  tissue 
is  almost  sclerous.  The  muscle  fibres  surround  the  base  of 
the  papilla  in  sphincter-like  form,  as  described  on  p.  224, 
and  as  figured  below. 

The  lacrimal  sac  and  naso-lacrimal  duct  are  lined  by 
two  or  more  layers  of  columnar  epithelium  resting  upon  a 
basement  membrane  ;  cilia  are  said  to  be  present  by  some 
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authors  (Schafer,  Quain,  Tourneux,  Santos  Fernandos),  but 
their  presence  is  denied  by  others  (Werncke,  Halben,  Rochon- 
Duvigneaud)  ;  goblet  cells  are  present.  There  is  a  delicate 
dermis  or  tunica  propria,  infiltrated  in  the  adult,  though  not 
in  the  new-born,  by  lymphocytes,  which  are  often,  though 
possibly  abnormally  (Parsons,  Werncke),  aggregated  to 
form  follicles.  Krehbiel  has  several  times  seen  a  small 
lymph  nodule  in  the  wall  of  the  sac  immediately  behind  the 
point  of  entrance  of  the  canaliculi.  The  outermost  coat  is 


FIG.  126. — Cross-section  of  base  of  vertical  part  of  Lacrimal  Canaliculus  of  three- 
year-old  child,  showing  the  sphincter-like  arrangement  of  muscle  fibres  consti- 
tuting the  musculus  quadrangularis  constrictor  puncti  lacrimalis,  and  also  the 
large  amount  of  fine  elastic  tissue  surrounding  its  wall.  (From  Halben,  1903.) 
Magnified. 

of  fibre-elastic  tissue,  containing  a  venous  plexus  especially 
well  developed  towards  the  meatal  end  of  the  tube,  where 
it  resembles  the  erectile  cavernous  tissue  characteristic  of 
the  nasal  mucosa  with  which  it  becomes  continuous.  On  the 
whole,  the  elastic  tissue  is  found  to  decrease  from  the  puncta 
downwards,  whereas  the  venous  plexus  and  thickness  of  the 
walls  increase.  The  presence  of  glands  in  the  walls  of  the 
sac  and  duct  is  disputed  ;  they  have  not  been  found  either 
by  Stanculeanu  in  the  embryo  or  by  Rochon-Duvigneaud 
in  the  adult,  and  such  as  have  been  described  may  be 
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pathological  formations  or  simple  diverticula  of  the  mucous 
membrane.  On  the  other  hand,  definite  mucous  glands 
have  been  noted  in  normal  sacs  by  Kuhnt,  Arlt,  Halben  ; 
and  Werncke  (1905),  in  a  special  investigation,  found  both 
composite  and  single  tubular  glands  present  in  8  out  of  14 
lacrimal  sacs,  whereas  in  17  pathological  sacs  none  were 
found  ;  they  were  situated  in  the  antero-medial  wall  near 

»/ 

the  summit,  and  contained  mucous  cells  and  crescents  of 
Giannuzzi.  Joerss  (1905)  found  small  serous  glands, 
resembling  those  of  Krause  of  the  conjunctiva,  in  8  per  cent 
of  cases  in  the  submucosa  of  the  fundus  of  the  sac.  The 
writer  has  found  one 
instance  of  such  in  the 
lacrimal  sac.  Whilst 
the  duct  wall  at  its 
upper  end  can  be 
separated  from  the  lin- 
ing periosteum  of  the 
canal  in  which  it  lies, 
as  it  passes  downwards 
the  two  become  more 
intimately  blended  to 
form  a  muco  -  peri- 
osteum, a  close  associa- 
tion which  explains  the 
extension  of  chronic  inflammatory  diseases  of  the  duct  to 
the  surrounding  bone. 

The  Vessels  and  Nerves  of  the  naso-lacrimal  passages : 
The  arteries  are  derived  (i.)  from  the  ophthalmic,  the 
superior  palpebral  branch  supplying  the  sac,  the  inferior 
palpebral  the  duct ;  (ii.)  from  the  angular  artery  of  the 
facial,  which  supplies  both  parts  ;  (iii.)  from  the  infra-orbital 
artery,  which  in  the  forepart  of  the  infra-orbital  sulcus 
gives  off  a  branch  which  sends  twigs  to  the  lower  eyelid 
and  inferior  oblique  muscle,  then  grooves  or  pierces  the 
lateral  margin  of  the  upper  orifice  of  the  naso-lacrimal 
canal  and  supplies  the  sac  and  duct.  The  lower  part  of  the 
duct  receives  a  supply  from  the  nasal  branch  of  the  spheno- 


FiG.  127. — Transverse  section  through  the  middle 
of  the  Naso-Lacrimal  Duct  of  an  adult ; 
hypertrophied  type  of  mucous  membrane. 
The  actual  diameters  of  this  specimen  were  : 
outside  transverse,  4  mm. ;  antero-posterior, 
6  mm. ;  inside  transverse,  i«i  mm.  x  about  9. 
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palatine  artery,  which  is  a  derivative,  like  the  infra-orbital, 
of  the  internal  maxillary  artery. 

The  rich  venous  plexus  which  surrounds  the  duct,  and 
to  a  lesser  extent  the  sac,  is  connected  above  with  the 
angular  and  inferior  orbital  veins  and  below  with  those  of  the 
nasal  cavity,  which  latter  drain  through  the  spheno- palatine 
veins  into  the  pterygoid  plexus  and  internal  maxillary  vein  ; 
venules  pass  from  the  plexus  round  the  lacrimal  sac  through 
the  lacrimal  bone  or  its  sutural  lines  into  the  mucous  mem- 
brane of  the  anterior  ethmoidal  cells. 

The  lymphatic  vessels  from  the  sac  accompany  the  facial 
vein  in  their  course  and  drain  into  the  submaxillary  nodes 
(Fig.  86,  p.  171)  ;  those  of  the  lower  part  of  the  duct  join 
the  lymphatic  vessels  of  the  inferior  nasal  meatus,  which  drain 

both  anteriorly  to- 

B          c  D  E  wards   the  skin  of 

the  anterior  nares 
and  thence  to  the 
submaxillary  nodes, 
and  posteriorly  to 
the  retro-pharyn- 

FIG.  128. — Schematic  representation  of  the  successive       rrpol          anH 
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stages  of  development  of  the  Lacrimal  Passages 

to  form  the  canaliculi.     (From  Matys,  1905. )  Cervical          nodes 

(Most,  1905). 

The  nerves  of  the  sac  are  derived  from  the  infra-trochlear 
branch  of  the  ophthalmic  division  of  the  fifth  nerve  ;  the 
lower  part  of  the  duct  receives  a  twig  from  the  anterior 
superior  alveolar  branch  of  the  maxillary  division  of  the 
same  nerve.  There  would  appear  to  be  some  physiological 
relation,  probably  through  the  branches  of  the  nerve,  between 
the  innervation  of  the  lacrimal  gland  and  that  of  the  lacrimal 
sac,  explanatory  of  the  known  clinical  fact  that  destruction 
of  the  sac  leads  to  suppression  of  the  tear  secretion  ;  the 
epiphora  of  dacryocystitis  is  most  likely  caused  by  reflex 
irritation  from  the  diseased  sac. 

Development  and  Abnormalities. — The  lacrimal  passages 
are  developed  along  the  line  of  the  cleft  between  the  lateral 
nasal  and  maxillary  processes  of  the  embryonic  face  (p.  183) ; 
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they  are  formed,  not  by  the  cleft  being  primarily  converted 
into  a  tube  by  the  approximation  and  fusion  of  its  boundaries, 
as  was  supposed  until  the  observations  of  Born  in  1876, 
but  by  canalisation  of  a  solid  rod  of  ectoderm  cells  formed 
beneath  the  surface  along  this  line.  In  later  years  the 
development  has  been  an  object  of  special  study  by  many 
(Stanculeanu,  1900 ;  Rochon-Duvigneaud,  1900 ;  Monesi, 
1904  ;  Matys,  1905  ;  Fleischer,  1906  ;  Cosmettatos,  1906  ; 
Contino,  1907  ;  Lang,  1911  ;  Schaeffer,  1912).  It  may  be 
described  in  two  stages  :  a  first,  consisting  in  the  formation 
of  the  solid  epithelial  rod ;  a  second,  the  hollowing  out  of 
the  rod  to  form  the  lacrimal  passages. 

The  rod  appears,  after  the  cleft  has  become  obliterated 
by  the  fusion  of  the  processes  which  bound  it,  as  a  thickening 
>f  the  deeper  layers  of  the  epithelium  along  the  line  of 
junction,  the  first  appearance  being  at  a  point  corresponding 
to  the  medial  part  of  the  conjunctiva  of  the  lower  lid  ;  the 
lower  end  elongates  and  sinks  beneath  the  surface,  the  whole 
rod  following  and  becoming  surrounded  by  mesenchymal 
tissue,  but  retaining  its  contact  with  the  skin  longest  at  the 
point  of  origin.  The  first  appearance  has  been  seen  in  an 
embryo  of  9-5  mm.  in  length,  and  the  rod  was  found  com- 
pletely separated  from  the  surface  in  one  of  15  mm.  The 
canaliculi  are  formed  secondarily  by  buddings  from  the  upper 
end  of  the  rod,  and  reach  the  surface  of  the  lid  margins 
about  the  same  time  that  the  lower  end  of  the  rod  reaches 
the  nasal  cavity,  as  has  been  seen  in  embryos  of  from  18  to 
24  mm.  The  inferior  canaliculus  appears  to  be  the  direct 
continuation  of  the  main  stem,  the  upper  one  being  a 
secondary  outgrowth.  The  inferior  canaliculus  in  its  growth 
upwards  cuts  off  a  part  of  the  lid  margin  which  is  destined 
to  form  the  lacrimal  caruncle  (Fig.  94,  p.  186). 

The  process  of  canalisation  begins  by  disintegration  of 
the  central  cells,  first  in  the  middle  of  the  lower  canaliculus, 
as  has  been  seen  in  an  embryo  of  35  mm.  long  or  at  three 
months,  then  in  the  upper,  and  then  in  the  lacrimal  sac.  In 
embryos  of  6  cms.  in  length  a  lumen  is  established  through- 
out the  whole  system,  but  is  closed  at  the  puncta  and  the 
inferior  orifice  of  the  duct ;  the  former  open  in  embryos 
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of  13  cms.  just  before  the  eyelids  separate  towards  the  seventh 
month ;  the  latter  remains  closed  until  the  end  of  the  eighth 
month,  or  even  after  birth.  According  to  Monesi,  after 
the  sixth  month  the  lower  end  of  the  duct  is  swollen  by  an 
accumulation  of  the  debris  of  disintegrated  cells,  which 
eventually  causes  the  perforation  of  the  septum  between  it 
and  the  nasal  fossa,  and  the  remains  of  the  septum  form  the 
plica  lacrimalis. 

The  abnormalities  are  readily  explained  by  irregularities 
in  this  mode  of  development.  The  puncta  may  be  super- 
numerary, two  (Steffan,  Greeves),  three  (Chase),  or  even 
four  (Majewsky)  having  been  noted.  Duplication  of  either 
canaliculus,  but  more  often  of  the  lower,  has  been  observed 
(Cosmettatos,  Coats,  Merkel,  Schirmer,  Nielson,  Michel, 
Schaeffer,  Nance,  etc.),  but  such  developments  must  be 
rare,  since  Wicherkiewicz  found  only  i  case  of  double 
punctum  and  canaliculus  in  60,000  patients  examined, 
and  according  to  Schoute,  not  more  than  22  cases  had  been 
recorded  in  the  literature  up  to  1901.  On  the  other  hand, 
cases  are  recorded  of  congenital  imperforation  of  the  puncta 
(Hawley),  of  non-development  of  the  canaliculi  (Onodi, 
Kusel),  and  of  atresia  of  the  whole  duct  or  part  of  it  (Geddes, 
Aubaret).  The  lacrimal  sac  may  present  a  congenital 
fistula  (Cosmettatos,  Elschnig,  Beer,  Agnew,  Hartridge, 
Casey  Wood). 

Diverticula  or  sinuses  of  the  passages  are  also  found. 
The  usual  site  is  on  the  lateral  wall  of  the  lacrimal  sac, 
where  the  resistance  to  expansion  is  least.  A  small  dilatation 
at  the  point  of  entrance  of  the  canaliculi  is  common  (Fig. 
113,  p.  221),  and  is  known  as  the  "  sinus  of  Maier."  Another, 
called  the  sinus  or  "  recessus  of  Arlt/1  bulges  outwards 
from  the  sac  just  beneath  the  medial  tarsal  ligament ; 
Aubaret  (1909)  states  that  he  found  the  latter  present  in 
24  out  of  50  specimens  (a  proportion  quite  at  variance  with 
the  writer's  experience,  though  it  is  not  clear  in  Aubaret 's 
paper  whether  or  no  he  includes  dilated  sacs  in  this  cate- 
gory) ;  an  example  is  photographed  in  Fig.  129.  Such 
diverticula  or  folds,  if  largely  developed,  may  cause  the 
appearance  of  a  bilocular  or  double  lacrimal  sac  (Bochdalek, 
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Luschka,  Vlacovich,  Tartuferi,  Aubaret,  etc.).  The  naso- 
lacrimal  duct  itself  may  be  double  throughout  (Monesi),  or 
it  may  present  two  inferior  apertures.  The  various  folds  or 
valves  of  the  passages  have  been  described  above. 

For  accounts  of  the  lacrimal  apparatus  in  domestic 
animals,  papers  by  Lical  (1919)  and  Rochat  (1915)  may  be 
referred  to,  and  an  admirable  study  of  the  histological 


riG.  129. — Dissection  of  forepart  of  Medial  Wall  of  Left  Orbit,  to  show  relation  of 
medial  palpebral  ligament  (in  front)  and  pars  lacrimalis  muscle  (behind),  both 
of  which  have  been  lifted  upwards,  to  the  lacrimal  sac,  which  shows  a  well- 
marked  anterior  dilatation  or  sinus  of  Arlt  (opened).  Natural  size. 

structure   of  these   organs  in  the   ox  will  be  found  in  a 
>aper  by  Sundwall  (1916). 

The  Mechanism  of  the  drainage  of  the  tears  from  the 
:onjunctival  sac  through  the  lacrimal  passages  has  been  the 
subject  of  much  discussion.  Normally  the  lacrimal  gland 
secretes  fluid  in  just  sufficient  quantity  to  replace  that 
fhich  is  lost  by  evaporation  ;  the  fluid  is  prevented  from 
running  over  the  edge  of  the  lower  eyelid  by  the  greasy 
lubrication  of  the  tarsal  glands,  and  is  supposed  to  be 
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induced  to  flow  towards  the  medial  canthus  and  collect  in 
the  lacus  lacrimalis  by  a  slight  '  spiral  movement '  of  the 
lids  in  closure  ;  more  probably  the  direction  of  the  flow  is 
determined  by  the  general  contraction  of  the  orbicularis 
muscle  from  its  mobile  lateral  to  its  fixed  medial  side. 
For  the  tears  to  enter  the  lacrimal  sac  two  conditions  are 
essential :  first,  the  puncta  must  be  directed  towards  the 
floor  of  the  lacus  lacrimalis,  that  is,  there  must  be  no  paresis 
of  the  marginal  fibres  of  the  orbicularis,  or  epiphora  will 
result ;  second,  the  puncta  must  retain  their  capillary  action. 
The  canaliculi  are  elastic-walled  tubes,  and  in  the  act  of 
winking  they  are  shortened  and  widened  by  the  pull  of  such 
fibres  of  the  pars  lacrimalis  muscle  as  are  connected  to  'the 
walls  of  their  horizontal  portions  (Halben,  1903),  and 
consequently,  the  fluid  may  be  sucked  into  them.  The 
vertical  portion  of  the  canaliculus  is  too  dense  to  be  com- 
pressed by  the  action  of  the  quadratus  muscle  surrounding 
its  base  in  light  closure  of  the  lids,  and  the  lumen  always 
remains  open  in  normal  physiological  conditions,  but  in 
blepharospasm  or  forced  closure  the  muscle  does  act  as  a 
sphincter  ;  the  lumen  is  then  effaced,  and  the  tears  are  seen 
to  accumulate  in  the  lacus  lacrimalis  (Halben,  Rochon- 
Duvigneaud).  Frieberg  (1918)  and  West  (1918)  both  consider 
that  the  canaliculi  play  the  leading  part,  the  tears  being 
sucked  in  by  capillarity  and  then  expelled  into  the  sac  by 
their  occlusion  in  closure  of  the  lids. 

It  is  as  regards  the  action  of  the  lacrimal  sac,  and  especi- 
ally of  the  pars  lacrimalis  or  Horner's  muscle  in  relation 
to  it,  that  the  most  widely  divergent  views  are  expressed. 
The  muscle  is  said  either  to  compress  the  sac  or  to  dilate  it. 
It  will  be  realised  that,  according  to  the  above  description 
of  the  sac  and  its  relations,  normally  it  is  neither  in  a  position 
nor  in  a  condition  to  be  compressed ;  its  position  is  one  of 
lying  flattened  in  the  lacrimal  fossa  covered  over  by  the 
lacrimal  fascia,  and  no  part  of  the  orbicularis  muscle  is 
actually  inserted  into  it ;  the  arc  described  by  the  pars 
lacrimalis  muscle  may  be  slightly  flattened  in  contraction, 
but  by  so  much  less  would  the  muscle  press  upon  the  sac  since 
it  lies  behind  the  latter ;  the  .medial  palpebral  ligament, 
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bound  to  the  fore  and  upper  part  of  the  lacrimal  fascia, 
will  be  straightened  and  pulled  away  from  the  sac  on  con- 
traction of  the  orbicular  fibres  which  arise  from  it  (Schirmer, 
Fuchs).  The  normal  condition  of  the  sac,  flattened  from 
side  to  side  so  that  its  lumen  is  a  mere  cleft,  also  allows  of 
no  further  compression.  On  the  other  hand,  the  sac  is 
both  in  a  position  and  in  a  condition  that  readily  admits  of 
dilatation,  as  is  readily  seen  in  pathological  conditions  and 
by  experimental  injection.  It  has  been  pointed  out  above 
that  the  area  of  attachment  of  the  pars  lacrimalis  muscle 
frequently  encroaches  upon  the  fascia  covering  the  sac, 
and  if  the  two  be  adherent,  contraction  of  the  muscle  will 
dilate  the  sac  ;  indeed,  in  one  preparation  of  a  horizontal 
section  through  the  parts  where  the  muscle  fibres  were  so 
disposed,  the  slightest  traction  upon  them  made  the  cleft 
of  the  sac  visible,  and,  moreover,  in  cases  of  epiphora  due 
to  paralysis  of  the  orbicularis  it  has  been  observed  that 
tears  can  be  made  to  enter  the  sac  by  drawing  the  lids 
Laterally.  The  importance  of  the  pars  lacrimalis  muscle  is 
further  shown  by  the  fact  that  the  first  symptoms  of  a  facial 
paralysis  may  be  a  complaint  of  epiphora  even  before  the 
puncta  become  everted  (Kalt,  1903).  Scimemi  (1892) 
found  experimentally  that  the  capacity  of  the  sac  is  in- 
creased by  2  c.mm.  in  each  physiological  closure  of  the  lids, 
by  10  c.mm.  with  moderate  effort,  and  by  as  much  as  30 
:.mm.  by  forced  effort,  and  that  an  upward  and  outward 
traction  of  the  upper  eyelid  will  increase  the  capacity  much 
more  than  the  most  energetic  closure  of  the  lids  will  do  ; 
further,  clinical  observations  have  shown  that  a  drop  of 
fluid  at  the  entrance  to  a  fistula  of  the  sac  is  aspirated  in 
winking  (Kalt).  On  such  grounds,  therefore,  the  lacrimal 
sac  must  be  considered  to  be  dilated  and  not  compressed 
in  the  act  of  winking.  It  then  regains  its  normal  and  reduced 
capacity  owing  to  the  elasticity  of  the  walls,  and  will  drive 
its  contents  onwards  into  the  wider  channel,  the  naso-lacrimal 
duct,  rather  than  backwards  along  the  narrower  canaliculi. 
That  the  sac  must  have  some  action  is  shown  by  the  fact  that 
in  atony  of  this  structure  the  proper  conduction  of  tears  is 
arrested  (Fuchs). 
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Finally,  as  regards  the  passage  of  the  tear-fluid  down  the 
duct  into  the  nasal  cavity,  the  flow  is  favoured  by  gravity, 
by  the  passage  from  narrow  to  wide  channels,  and  perhaps 
by  inspiration  of  air  through  the  nose,  since  one  sniffs 
in  the  act  of  weeping.  Permeability  of  the  duct  is  not  a 
necessary  condition  for  the  absorption  of  tears,  since  the 
sac  will  fill  in  spite  of  complete  obliteration  of  the  passage 
below  it.  The  so-called  valves  of  the  lacrimal  passages 
play  no  part  in  occasioning  the  downward  flow. 

To  sum  up,  then,  it  is  probable  that  the  capillarity  of  the 
puncta  primarily  suffices  to  draw  off  from  the  conjunctival 
sac  any  slight  surplus  of  fluid  left  over  from  evaporation ; 
that  the  canaliculi,  shortened  and  dilated  in  the  act  of 
winking,  can  assist  the  drainage  ;  and  that  the  lacrimal 
sac  participates  in  the  removal  of  excess  fluid  by  aspiration, 
being  slightly  dilated  in  the  act  of  winking,  and  markedly 
so  in  forced  closure  of  the  lids  ;  the  elastic  rebound  of  the 
sac  to  its  resting  dimensions  drives  the  fluid  into  the  nasal 
duct,  whence  the  flow  into  the  nasal  cavity  is  directed  by 
gravity. 


PART  III 

THE  CONTENTS  OF  THE  ORBIT 

1.  The  Eyeball. 

2.  The  Muscles. 

3.  The  Fascia  and  Fat. 

4.  The  Vessels. 

5.  The  Nerves. 

General  Arrangement.  -  -  The  eyeball  is  situated  in 
the  anterior  and  roomiest  part  of  the  orbit,  of  which  it 
occupies  about  one-fifth  the  volume  ;  from  its  posterior 
surface  the  optic  nerve  emerges  and  passes  backwards  to 
leave  the  apex  of  the  space  by  the  optic  foramen  ;  the  nerve 
lies  in  the  midst  of  the  four  recti  muscles,  which,  arising 
close  around  the  foramen,  diverge  as  they  pass  forwards 
to  be  inserted  on  to  the  eyeball.  Within  the  '  cone  '  so 
formed  by  the  muscles  lie,  as  well  as  the  optic  nerve,  their 
own  nerves  (third  and  sixth),  the  naso-ciliary  nerve  and 
ciliary  ganglion,  the  ophthalmic  artery  and  vein,  together 
with  many  of  their  branches.  Outside  the  cone  of  muscles 
lie  the  superior  oblique  and  levator  palpebrae  superioris 
muscles  and  the  fourth,  frontal,  and  lacrimal  nerves. 
Beneath  the  eyeball  lies  the  inferior  oblique  muscle,  above 
it  is  the  reflected  tendon  of  the  superior  oblique  muscle, 
whilst  on  its  upper  and  lateral,  side  is  placed  the  lacrimal 
gland.  The  rest  of  the  orbital  space,  both  within  and  with- 
out the  cone  of  muscles,  is  completely  and  compactly  filled 
with  the  orbital  fat,  from  which  the  eyeball  is  separated  by 
a  fascial  envelope,  the  fascia  bulbi  or  capsule  of  Tenon. 

i.  The  Eyeball  (bulb  or  globe  of  the  eye,  bulbus  oculi).- 
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The  eyeball  is  here  considered  only  as  regards  its  external 


FIG.  130. — Horizontal  section  of  Adult  Male  Head  to  show  the  relative  position 
and  relations  of  the  orbits  and  their  contents.  Compare  with  Figs.  3  and 
15.  From  the  McGill  Anatomical  Museum,  x  f . 

configuration  and  relations,  that  is,  the  organ  as  a  whole 
is  described  ;    for  the  gross  structure  the  reader  is  recom- 
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mended  to  consult  The  Anatomy  of  the  Human  Eye,  as 
illustrated  by  Enlarged  Stereoscopic  Photographs  (Thomson, 
Clarendon  Press,  1912)  ;  the  development  and  histo- 
logical  structure  will  be  found  fully  described  in  the 
"  Organe  de  la  Vision  "  (Druault,  in  Poirier's  Traite  d'ana- 
tomie  humaine,  Paris,  1912)  ;  or  in  the  articles  by  Merkel 
and  Kallius  and  Putter  in  the  Graefe-Saemisch  Handbuch 
der  Augenheilkunde,  or  by  Piersol  in  Norris  and  Oliver's 
System  of  Diseases  of  the  Eye. 

The  eyeball  has  the  form  of  a  sphere,  but  not  a  strictly 
symmetrical  one,  being  slightly  flattened  from  above  down- 
wards (forming  an  "  ob- 
late    spheroid  "),     with  ..EQUATOR 
the  contour  interrupted 
by  the    bulging  of  the 
cornea  in  front.    It  may 
be    described    as    com- 
posed   of    segments    of 
two  spheres,  an  anterior 
corneal  segment  with  a 
radius  of  8  mm.,  and  a 

posterior  SCleral  Segment  FlG-  I31-— Scheme  of  the  Eyeball  seen  from  the 
'  r  side.  x  li.  (Half  a  meridian  only  has 

12    mm.    radlUS;    the  been  drawn.) 

corneal     area     extends 

over  about  one-sixth  of  the  whole  bulbar  surface.  Where 
the  two  areas  join,  that  is,  at  the  sclero-corneal  junc- 
tion or  limbus  corneae,  is  a  shallow  groove,  the  sulcus 
sclerae.  The  central  points  of  the  curvatures  of  the  corneal 
and  scleral  spheres  are  called  the  anterior  and  posterior 
poles  (polus  anterior  vel  posterior)  of  the  globe  ;  and  a 
straight  line  joining  them  represents  its  axis  (axis  oculi 
externa  vel  interna)  ;  a  line  encircling  the  globe  midway 
between  the  poles  is  the  anatomical  equator  (aequator), 
and  it  divides  the  surface  into  two  hemispheres,  anterior 
and  posterior  ;  a  line  surrounding  the  surface  of  the  globe 
and  passing  through  both  poles  is  a  meridian,  and  crosses 
the  equator  at  right  angles  ;  the  antero-posterior  length, 
height,  and  width  of  the  globe  are  expressed  by  sagittal, 
vertical,  and  transverse  or  horizontal  diameters  respectively. 
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The  "  visual  axis  '  (axis  optica)  passes  from  the  fovea  cen- 
tralis  of  the  retina  through  the  "  point  of  rotation  "  of  the 
globe,  and  cuts  the  cornea  rarely  at  its  mid-point  but  usually 
slightly  to  its  nasal  side  ;  it  therefore  does  not  exactly 
coincide  with  the  axis  of  the  globe.  When  the  visual  axis 
is  directed  straight  forwards,  the  axis  of  the  cornea  presents 
a  deviation  from  this  line  of  5°  laterally  and  2°  below  ;  the 
long  axis  of  the  orbital  cavity  deviates  still  further,  from  the 
visual  axis,  being  from  23°  to  25°  lateral  and  15°  to  20° 
below  it  (Druault,  1912)  ;  the  visual  axes  are  roughly 
parallel  to  one  another,  at  most  forming  an  angle  of  10° 
(Testut),  whereas  the  orbital  axes  enclose  an  angle  of  about 
45°,  as  already  noted  on  p.  93. 

Most  eyeballs  vary  slightly  from  the  schematic  form  ; 
the  most  important  variations  are  those  where  the  length 
of  the  optic  axis-  is  either  less  (hypermetropic  globe)  or 
greater  (myopic)  than  the  normal  (emmetropic) ,  since  in 
such  eye%,  when  accommodation  of  the  lens  is  completely 
relaxed,  the  image  of  a  distant  object  falls  respectively 
either  behind  or  in  front  of  the  retina  instead  of  exactly 
upon  it. 

The  dimensions  of  the  normal  globe  vary  (but  not  beyond 
one  millimetre)  according  to  the  findings  of  different  authori- 
ties. The  figures  in  millimetres  given  by  Sappey  (and 
quoted  by  Dwight,  Druault,  and  Baker)  from  26  adult 
eyes  (14  male,  12  female)  measured  from  24  to  36  hours 
after  death  are  as  follows  : 


Diameter. 

Maximum 

Mean 

Minimum 


Antero-Posterior. 
26-4 


Transverse. 


Vertical. 


22'9 


23-6 

22'2 


23-2 

22'2 


Each  diameter  is  on  an  average  five  to  six-tenths  of  a 
millimetre  greater  in  the  male  than  the  female.  Merkel 
(1901)  gives 

24-3  (external  axis)    23-6  23-3 

22-5  (internal  axis) 

The  last-named  author  gives,  in  addition,  numerous  other 
dimensions  of  the  parts  of  the  globe  as  found  by  himself,  and 
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also  by  Quain,  Rauber,  Schwalbe,  and  Weiss  ;  the  mean  of 
the  combined  above  measurements  of  all  these  authors  is 


Antero-  Posterior. 

24-15 


Transverse. 

24-13 


Vertical. 

23-48 


The  average  diameters  of  the  eyeball  in  the  new-born,  as 
found  by  Weiss  (1897)  in  14  observations,  are 

16-40  16-00  I5'4° 

and  he  found  the  eyeball  at  this  period  to  be  hypermetropic 
in  92  per  cent.  Weiss  gives  the  comparative  diameters  and 
also  the  circumferences  at  various  ages  from  birth  to  adult ; 
and  Seefelder  (1908)  has  made  a  very  complete  series  of 
measurements  of  the  embryo  and  infant  eyeball. 

The  cornea  has  an  average  horizontal  diameter  of  12  mm. 
and  a  vertical  one  of  n  mm.  (Druault). 

The  weight  of  the  eyeball  varies  in  individuals,  but  may 
be  considered  to  be  about  7  grammes ;  Sappey  estimated 
it  at  7  to  8  grs. ;  Testut  at  7-14  grs.  on  a  mean  of  ten 
eyes  taken  from  the  cadaver  ;  Weiss 
at  7-45  grs.  on  a  mean  of  5  adult 
emmetropic  eyes,  with  weights  of  2-29 
grs.  at  birth,  4-05  grs.  at  one  year, 
and  from  5-87  grs.  to  6-50  grs.  at  from 
13  to  15  years  ;  the  volume  is  about 
6-5  c.mm.,  with  a  specific  gravity  of 
1-077  (Schafer). 

The    Structures    attached    to    the 

/-r^  ..  FIG.    132.  —  Scheme   of  the 

Eyeball.-      he  optic   nerve    emerges      Eyeball  seen  from  behind, 
not  exactly  from  the  posterior  pole,      to  show  the  position  of  the 

.....  ,.,  ill  -I     xi  various  structures  attached 

but  a  little  medial  to  and  below  it,  the      toit.  (After Testut.)  x  4. 

central  point  of  the  nerve  lying  3  mm.      o.N.,=  the  optic, nerve,  SUr- 

medial  to  the  vertical  meridian  and 

i  mm.  below  the  horizontal  meridian 

(Fig.  132).     Round  the  nerve  exit  in 

an  irregularly  scattered  ring  are  the 

points  of  entrance  of  the  minute  ciliary 

nerves  and  short  posterior  ciliary  arteries;  the  long  posterior 

ciliary  arteries  pierce  the  globe  one  on  each  side  of  the 

horizontal  meridian  and    a  little    distant  from  the   optic 


tion  of  the  superior  and  inferior 
oblique  muscles  respectively. 


256  THE  HUMAN  ORBIT  ORBIT 

nerve  ;  four  venae  vorticosae  emerge  on  or  a  little  behind 
the  equator,  and  the  anterior  ciliary  arteries  enter  just 
behind  the  sulcus  sclerae.  The  four  recti  muscles  are 
inserted  by  tendons  into  the  globe  in  front  of  the  equator, 
and  the  two  oblique  muscles  behind  this  line  and  on , 
the  lateral  side.  The  fascia  bulbi  or  capsule  of  Tenon 
is  attached  to  the  globe  in  front  immediately  behind  the 
corneal  margin,  and  at  this  point  is  fused  with  the  bulbar 
conjunctiva,  the  two  being  closely  applied  to  the  anterior 
third  of  the  bulb.;  the  capsule  closely  envelops  the  entire 
scleral  part  of  the  globe,  being  united  to  it  by  a  very  delicate 
loose  connective  tissue,  and  terminates  behind  round  the 
site  of  emergence  of  the  optic  nerve  ;  it  must  consequently 
be  pierced  by  all  the  above-named  structures  which  are 
attached  to  the  globe,  and  it  becomes  fused  with  the  fascial 
sheaths  of  the  muscles  where  they  enter  it. 

The  relation  of  the  eyeball  to  the  orbit  is  best  studied 
in  horizontal  and  vertical  views,  as  shown  in  Figs.  130,  155, 
and  Fig.  55,  p.  124.  As  already  noted,  it  occupies  about 
one-fifth  of  the  cavity,  lying  in  its  roomiest  forepart  and 
slightly  nearer  the  upper  and  lateral  sides,  being  nowhere 
in  contact  with  the  walls. 

The  summit  of  the  cornea  is  normally  just  touched  by  a 
ruler  held  vertically  against  the  superior  and  inferior  orbital 
margins,  but  the  prominence  varies  in  individuals  and 
according  to  age  and  state  of  health  ;  it  thus  may  vary 
from  12  mm.  in  front  to  10  mm.  behind  this  plane,  and  in 
exophthalmic  goitre  may  even  lie  24  mm.  in  front  (Cohn) ; 
indeed,  Ambialet  (1905)  finds  that  in  85  per  cent  of  living 
cases  the  protrusion  is  positive,  that  is,  in  front  of  the 
vertical  axis  ;  it  is  more  pronounced  in  infants.  The  lateral 
orbital  margin,  on  the  other  hand,  is  so  recessed  that  half 
of  the  eyeball  is  here  exposed,  as  is  well  shown  in  Fig.  133, 
and  a  straight  line  passing  from  this  margin  to  the  anterior 
lacrimal  crest  would  traverse  the  globe  behind  the  or  a 
serrata  of  the  retina  on  the  one  side  and  emerge  at  the 
junction  of  the  ciliary  body  and  iris  on  the  other.  A 
strong  medial  rotation  of  the  globe  will  almost  bring  the 
macula  lutea  in  line  with  this  margin  (Henke).  The  distances 
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which  separate  the  equator  of  the  globe  from  the  orbital 
walls  are  :  4  mm.  from  the  roof,  4-5  mm.  from  the  lateral 
wall,  6-8  mm.  from  the  floor,  and  6-5  mm.  from  the  medial 
wall.  The  mid  points  of  the  two  pupils  lie  from  58  to  60  mm. 
apart.  The  posterior  pole  lies  about  18  mm.,  varying  from 
14  to  24  (Weiss),  or  f  inch  in  front  of  the  apex  of  the  orbit. 


FIG.  133. — Dissection  of  the  Head,  to  show  the  relation  of  the  eyeball  to  the  orbital 
margin,  the  course  of  the  optic  nerve,  the  position  of  the  optic  chiasma,  the 
trochlear  nerve  in  its  whole  course,  the  cavernous  sinus,  and  the  semilunar  or 
Gasserian  ganglion.  The  same  preparation  is  viewed  from  above  in  Fig.  184. 


x 


2.  The  Muscles  (musculi  oculi).-  -The  muscles  which 
move  the  eyeball  (sometimes  referred  to  as  extrinsic,  in 
contradistinction  to  the  intrinsic  muscles  which  are  con- 
nected with  the  mechanism  of  the  lens  and  iris  within  the 

n 

globe)  are  six  in  number.  There  are  four  recti,  distinguished 
as  superior,  inferior,  medial,  and  lateral,  and  two  obliques, 
the  superior  and  inferior,  all  named  from  their  position 

s 
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relative  to  the  eyeball.  Each  rectus  muscle  presents  a 
narrow,  tendinous  origin  from  the  apex  of  the  orbit,  an 
elongated,  band-like,  fleshy  belly,  and  a  thin  tendon  of 
insertion  on  to  the  eyeball,  all  four  being  attached  in  front 
of  the  equator.  The  superior  oblique  arises  with  the  recti 
from  the  apex  of  the  orbit,  runs  forwards  above  the  medial 


FIG.  134. — The  Left  Eyeball  viewed  from  behind  to  show  the  four  recti  muscles, 
spread  out,  and  the  oblique  muscles  in  their  respective  positions.  Natural  size. 
Note  the  curved  edge  of  the  tendon  of  the  lateral  rectus  on  the  left. 

(An  enucleated  eyeball  can  always  be  relegated  to  the  side  to  which  it  belongs  if 
viewed  from  this  aspect  and  if  sufficient  of  the  oblique  muscles  be  left  to  dis- 
tinguish the  superior  (tendinous)  from  the  inferior  (muscular)  ;  these  cut  ends  point 
towards  their  origins  on  the  nasal  or  medial  side  of  the  orbit,  or,  it  may  be  said, 
away  from  the  side  to  which  the  eye  belongs. ) 

rectus  to  the  trochlea,  where  it  becomes  tendinous  and  is 
reflected  backwards  on  to  the  globe.  The  inferior  oblique  is 
a  much  shorter  muscle,  arising  near  the  orbital  margin  at  its 
inferior  medial  angle,  and  passing  laterally  and  posteriorly 
across  the  forepart  of  the  floor  of  the  orbit  to  reach  the 
globe  behind  the  equator,  being  attached,  like  the  superior 
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oblique,  to  the  postero-lateral  quadrant  of  the  eyeball.  Each 
muscle  is  enveloped  in  a  fascial  sheath,  which  is  so  thin  as 
to  be  practically  invisible  posteriorly,  but  becomes  thick 
and  opaque  where  the  muscle  pierces  the  fascia  bulbi  (capsule 
of  Tenon),  at  which  point  the  two  fascial  structures  blend. 

The  lateral  rectus  is  innervated  by  the  abducent  or 
sixth  nerve,  the  superior  oblique  by  the  trochlear  or  fourth 
nerve,  and  the  superior,  medial,  and  inferior  recti,  together 
with  the  inferior  oblique,  by  the  oculomotor  or  third  nerve. 
Their  blood-supply  is  derived  from  the  ophthalmic  artery, 
and  is  drained  away  by  the  ophthalmic  veins  into  the 
cavernous  sinus. 

The  structure  of  the  ocular  muscles  has  been  specially 
studied  by  Schiefferdecker  (1905),  who  found  that  the 
parallel  fasciculi  of  muscle  fibres  of  which  they  consist  are 
remarkable  for  the  richness  of  their  nerve-supply  and  the 
large  amount  of  elastic  fibres  in  the  perimysium  and  inter- 
muscular  septa.  The  latter  character  is  responsible  for  a 
passive  contraction  of  the  muscle  after  extension  by  its 
antagoniser,  the  action  of  which  is,  moreover,  moderated  by 
the  same  means  ;  the  provision  ensures  a  delicate  regulation 
of  the  eye  movements.  Muscle  spindles,  the  sensory  nerve- 
end  organs,  are  present,  but  are  few  in  number. 

The  Reeti  Muscles  (recti  oculi)  are  approximately  equal 
in  length,  each  being  about  40  mm.  or  i  J  inch  long  including 
the  tendon  of  insertion,  but  there  is  a  difference  in  the 
length  of  the  tendons  and  also  in  the  size  of  the  muscle 
belly.  The  medial  rectus  is  thickest,  the  lateral  rectus  is 
thicker  than  the  inferior,  and  the  superior  is  thinnest  of  all. 
The  weights  as  given  by  Volkmann  are  : 

Medial   rectus,  -747  gramme  ;  inferior,    -671  gramme. 
Lateral      ,,        -715         ,,       ;  superior,  -514 

and  the  exact  lengths  in  millimetres  are  : 

Medial  rectus,  40-8  ;  inferior,  40-0. 
Lateral      ,,       40-6;  superior,  41-8. 

The  origin  or  posterior  attachment  of  the  recti  at  the 
apex  of  the  orbit  is  complicated  by  the  configuration  of  this 
region  and  by  the  presence  of  the  many  important  structures 
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which  here  enter  the  space.  Looked  at  from  the  outside, 
after  they  have  been  stripped  from  the  bone  as  in  Fig.  139, 
the  muscles  are  seen  to  have  a  common  origin  from  a  short 
tendinous  tube,  the  annulus  of  Zinn  (1755)  (annulus  tendineus 
communis).  This  tube  is  oval  in  cross-section,  and  is 
most  simply  considered  as  being  implanted  by  its  base  on  to 
the  apex  of  the  orbit  in  such  a  way  as  to  embrace  both 
the  optic  foramen  and  the  medial  extremity  of  the  superior 


SU>.  OBL. 


;MED.RECT. 


LAT.  RECT. 


INF.  RECT. 


FIG.  135. — Scheme  to  show  the  position  of  the  annulus  of  Zinn,  implanted  on 
the  apex  of  the  orbit  in  such  a  way  as  to  embrace  both  the  optic  foramen  (in 
which  is  seen  the  optic  nerve  and  ophthalmic  artery)  and  the  broad  end  of 
the  superior  orbital  fissure.  See  Fig.  59,  p.  131. 

The  annulus  is  resolved  into  its  component  muscle  origins,  and  trie  relative 
positions  of  the  nerves  which  enter  the  orbit  through  the  superior  orbital  fissure 
both  within  and  without  the  annulus  are  shown  ;  the  frontal  nerve  should  be 
shown  lying  above  the  lacrimal ;  N.  =the  naso-ciliary  nerve.  (After  Poirier, 
modified. ) 

orbital  (sphenoidal)  fissure  (Figs.  59,  135) ;  that  sector  of 
the  annulus  which  embraces  the  end  of  the  fissure  is  fixed 

Q 

to  the  bone  forming  its  anterior  boundary,  that  is,  to  the 
tip  of  the  lateral  orbital  wall,  a  site  frequently  marked  by  a 
spur  (the  spina  recti  lateralis,  p.  34)  ;  in  the  specimen 
photographed  in  Fig.  136  the  spur  is  crescentic  in  outline, 
indicative  of  the  contour  of  this  portion  of  the  ring. 

At  its  base  the  annulus  is  intimately  related  to  the 
dura  mater  lining  the  middle  cranial  fossa  of  the  skull, 
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since   this  membrane  extends  into  the  orbit  through  its 
apertures  to  become  continuous  with  the  sheath  of  the  optic 


FIG.  136. — Left  Orbit  of  an  African  Negro,  showing  well-marked 
crescentic  spina  recti  lateralis. 

nerve  on  the  one  hand  and  the  periorbita  on  the  other ; 


PERIORBITA 


SHEATH  OF 

OPTIC  NERVE 


DURA 


INF.RECT. 


FK,.  137. — Scheme  to  show  origin  of 
the  four  Recti  Muscles  from  the 
annulus  of  Zinn  and  their  relation 
to  the  optic  foramen  and  superior 
orbital  fissure  (in  dotted  lines). 


FIG.  138. — Scheme  to  show  the  continuity 
of  the  Dura  Mater  of  the  Skull  with 
the  Periorbita  lining  the  Orbit  and  with 
the  sheath  of  the  Optic  Nerve.  (Com- 
pare Fig.  184,  p.  364. )  That  part  of  the 
annulus  of  Zinn  from  which  the  superior, 
medial,  and  inferior  recti  arise  is  inserted 
into  the  angle  of  splitting  of  the  dura. 


the  base  of  the  medial  half  of  the  annulus  is  inserted  into 
the  cleft  formed  by  this  splitting  of  the  dura  (Fig.  138). 
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The  muscles  arise  from  the  fore  end  of  the  annulus  in 
their  respective  positions  ;  the  superior  and  medial  recti  are 
most  closely  related  to  the  optic  nerve,  being,  indeed, 
adherent  to  its  sheath,  a  fact  that  would  explain  painful 
movements  of  the  eyeball  in  inflammation  of  the  nerve, 
and  owing  to  the  great  obliquity  of  the  optic  foramen  their 
origins  are  "on  a  plane  anterior  to  the  rest ;  just  outside  and 
above  them  lie  the  origins  of  the  levator  palpebrae  superioris 


FIG.  139. — Dissection  of  Right  Orbit  in  which  all  the  bony  walls  have  been  removed 
and  the  margin  alone  left,  viewed  from  the  lateral  aspect.  The  preparation 
shows  the  trochlear  ( i )  and  frontal  ( 2 )  nerves  as  they  enter  the  orbit  outside  the 
annulus  of  Zinn  (3)  ;  entering  within  the  annulus  are  seen  the  oculomotor, 
naso-ciliary,  and  abducent  nerve,  in  that  order  from  above  downwards.  The 
continuity  of  origin  of  the  lateral  rectus  (L.  R.)  with  that  of  the  superior  rectus 
(S.  R. )  is  shown.  Natural  size. 

and   superior   oblique  muscles  ;     the  inferior  rectus  arises 
below  and  a  short  distance  away  from  the  nerve. 

The  lateral  rectus  arises  from  that  part  of  the  annulus 
which  spans  the  superior  orbital  fissure,  a  position  that  has 
led  to  the  statement  that  it  arises  by  '  two  heads,"  one 
from  each  margin  of  the  gap  ;  but  such  description,  like  so 
many  drawings  of  the  parts,  gives  an  exaggerated  idea  of 
the  actual  facts,  for  there  is  no  break  in  the  annular  origin 
of  the  muscle  belly,  as  can  clearly  be  seen  in  Fig.  139  ; 


ORBIT 


THE  MUSCLES 


263 


its  upper  edge  is  fused  at  this  point  with  the  lower  edge 
of  the  superior  rectus,  and  similarly  below  it  blends  with  the 
inferior  rectus.  Merkel  (1901),  indeed,  described  and  figured 
( two  heads  '  of  origin  of  the  lateral  rectus,  one  from  the 
spina  recti  lateralis  and  the  other  from  the  annulus  next  the 
optic  nerve  sheath,  but  they  do  not  span  the  fissure,  no 
structures  enter  the  orbit  through  them,  and  they  are  not  the 
same  '  heads  ' '  as  are  commonly  described  in  later  works. 

If  the  annulus  be  now  examined  from  the  interior  by 
splitting  it  open  between  two  adjacent  muscle  origins,  as 


FK;.  140. — Dissection  of  the  parts  in  relation  to  the  Apex  of  the  Left  Orbit, 
lateral  view.  The  annulus  of  Zinn  has  been  split  open  between  the  superior  (S. ) 
and  lateral  (L. )  recti  to  expose  the  tendon  of  Zinn  (T. ).  The  inferior  (I. )  and 
medial  (M. )  recti  and  superior  oblique  (O. )  are  spread  out,  and  in  the  centre  of 
the  muscles  lies  the  optic  nerve  (N. ).  The  right-hand  part  of  the  preparation 
shows  the  lateral  wall  of  the  cavernous  sinus  torn  open.  Natural  size. 

has  been  done  between  the  superior  and  lateral  recti  in  Fig. 
140,  further  complications  of  the  muscle  origins  are  seen. 
The  ring  on  this  inner  aspect  is  not  regularly  smooth  as 
on  its  outer  side,  but  presents  below  a  well-marked  tendinous 
ridge,  which  gives  origin  to  fibres  of  three  of  the  muscles, 
namely,  to  part  of  -the  lateral,  all  of  the  inferior,  and  part 
of  the  medial  rectus  ;  this  tendon  is  called  the  tendon  of 
Zinn,  or  tendo  orbitalis  inferior,  and  its  attachment  is  some- 
times marked  either  by  a  minute  '  infra-optic  tubercle," 
as  seen  in  Fig.  9,  or  by  a  small  fossa  (Sappey)  situated  on 
the  lower  part  of  the  bridge  of  bone  which  separates  the 
optic  foramen  from  the  superior  orbital  fissure.  On  the 
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upper  half  of  the  interior  of  the  annulus  a  similar  but  much 
less  definite  thickening,  the  tendo  orbitalis  superior,  was 
described  by  Lockwood  (1886)  as  giving  origin  to  part  of 
the  lateral,  all  of  the  superior,  and  part  of  the  medial  recti. 
Rouviere  (1914),  in  a  special  study  of  this  region,  describes 
a  single  tendon,  that  of  Zinn,  arising  from  the  bone  as  above 
noted  but  dividing  into  six  parts  from  which  the  muscles 
arise. 

Since  the  annulus  of  Zinn  surrounds  the  optic  foramen 
and  the  medial  end  of  the  superior  orbital  fissure,  it  follows 
that  all  the  structures  which  enter  the  orbit  through  the 
foramen  and  this  part  of  the  fissure  will  lie  at  first  within 

the  cone  of  muscles. 
Through  the  optic  fora- 
men there  enter  the  optic 
nerve,  enveloped  in  its 
dural  sheath,  and  the 
ophthalmic  artery,  em- 
bedded in  the  sheath  and 
accompanied  by  branches 
from  the  carotid  plexus 
of  the  sympathetic  nerv- 
ous system;  through  the 
medial  end  of  the  fissure 
there  pass  the  oculomotor 
or  third  nerve,  the  ab- 

(Jucent  Or  sixth  nerve, 
the  naSO-ciliary  branch  of 

f-u         frio-pminal      nr      fifrh 

the  centre  is  the  optic  nerve  in  its  sheath 

with  the  ophthalmic  artery  on  its  infero-      nerve,  the  Sensory  TOOt  of 


FIG.  141. — Dissection  of  the  Structures  in 
the  Apex  of  the  Right  Orbit  seen  from 
in  front.  The  four  recti  muscles  have  been 
spread  out  and  occupy  their  respective 
positions,  and  the  nerves  are  seen  entering 
the  orbit  within  the  cone  of  muscles.  In 


the  cili 


ion>  and 


division  of  which  lies  above  the  vessel.  Usually  the    Superior  Oph- 

The  sixth  nerve  lies  lateral  to  the  artery.  ,v     i  /  \ 

The  cut  ends  of  the  levator  (left)  and  IC  Ve  n  IP-   31 

superior  oblique  (right)  appear  between  the  These  latter  Structures 

superior  and  medial  recti.     Natural  size.  1111  i      j 

are  all  closely  packed  to- 

gether in  a  narrow  space,  as  is  seen  in  Fig.  141,  and  also  in  the 
fourth  section  in  Fig.  185,  p.  366,  and  their  relative  positions 
are  shown  in  Fig.  135.  The  space  through  which  they 
pass  is  formed  into  a  smooth  and  glistening  tendinous  fora- 
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men  bounded  medially  by  the  optic  nerve  sheath  and  later- 
ally by  the  loop  of  the  annulus  bridging  the  fissure  ;  it  is 
termed  the  "  oculomotor  foramen  "  (foramen  oculomotorium) , 
and  its  contained  structures  are  better  described  as  entering 
the  orbit  through  this  foramen,  or  "  within  the  cone  of 


FIG.  142. — Dissection  of  the  Right  Eyeball  from  in  front.  The  eyelids  as  a  whole 
have  been  crucially  incised  and  the  flaps  pulled  aside.  The  bulbar  conjunctiva 
and  anterior  part  of  the  fascia  bulbi  or  capsule  of  Tenon  have  been  cut  just 
wide  of  the  cornea,  and  pulled  away  from  the  globe  on  the  lateral  side  to  expose 
the  tendon  of  the  lateral  rectus  muscle,  beneath  which  a  bristle  has  been  placed. 
The  lacrimal  sac  and  naso-lacrimal  duct  have  been  exposed  from  in  front  in 
their  entire  extent.  Natural  size. 

muscles,"   than     '  between   the   two  heads  of  the   lateral 
rectus  muscle." 

The  insertions  or  anterior  attachments  of  the  recti 
muscles  on  to  the  globe  are  effected  by  means  of  thin,  flat, 
glistening  tendons,  formed  by  parallel  rectilinear  fasciculi 
connective  tissue,  without  anastomoses  but  weakly 
united  by  transversely  placed  and  easily  separated  fibres. 
The  fasciculi  are  several  layers  deep,  those  of  the  medial 
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rectus  being  thickest,  but  form  a  single  layer  at  the  edges, 
which  are  recurved  to  form  a  little,  cul-de-sac  (Fig.  134).  Some 
of  the  fasciculi  leave  the  main  layer  to  be  inserted  separately 
as  far  back  as  from  i  to  5  mm.  behind  the  remainder,  and 
consequently,  like  the  recurved  edges,  may  escape  the 
tenotomy  hook  in  operations.  The  tendons  penetrate  the 
sclera  to  unite  most  firmly  with  it,  causing  a  slight  thickening 
of  the  surface  as  they  spread  out  within  it  in  fan-like  manner. 
They  are  accompanied  by  the  anterior  ciliary  arteries,  and 
lie  beneath  the  anterior  part  of  the  fascia  bulbi,  which, 
with  the  overlying  bulbar  conjunctiva,  must  be  removed 
to  expose  them  from  the  front,  as  shown  in  Fig.  142  ;  so 
closely  are  they  applied  to  the  sclera  and  so  much  do  they 
resemble  it  in  colour,  that  the  student  may  not  easily 
recognise  them. 

The  antero-posterior  length  of  the  tendons  in  millimetres 
is  given  by  Merkel  (1901)  as  follows  : 

Rectus  Medialis.  Rectus  Inferior.  Rectus  Lateralis.  Rectus  Superior. 

3'7  5'5  8'8  5'8 

The  breadth  of  the  actual  line  of  insertion  is  given  by  Fuchs 
as 

10-3  9-8  9-2  io«6 

By  Weiss  (in  adult)  : 

10-76  10*35  9'67  I0'75 

By  Weiss  (in  new-born)  : 

7'35  6'25  5*85  6'95 

The  distance  of  the  mid-point  of  this  line  from  the  corneal 
margin  varies  slightly  according  to  the  observations  of 
different  authors.  The  measurements  made  by  Fuchs  (1884) 
were  taken  from  the  largest  series  of  eyes,  and  are  most 
widely  accepted  ;  they  are 

5*5  6'5  6-9  77 

and  a  mean  of  the  figures  given  by  Howe,  Adachi,  Weiss, 
Fuchs,  Testut,  Gerlach,  Sappey,  Merkel,  Motais,  Tillaux, 
Macalister,  and  Krause  is 
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Rectus  Medialis. 

5'84 


Rectus  Inferior. 

6-65 


Rectus  Lateralis. 

7-18 


Rectus  Superior. 

7- 


The  corresponding  distances  in  the  new-born  are  given  by 
Weiss  as 

3-6  5-0  4-9  5-8 

The  above  measurements  of  the  length,  breadth,  and  dis- 
tances from  the  corneal  margin  are  shown  diagrammatically 


IK: 


INF.RECT. 


FIG.  143. — Scheme  to  show  the  anterior  attachments  of  the  Recti  Muscles  to 

the  Eyeball,  with  the  various  measurements  given  in  the  text,      x  i£. 

in  Fig.  143,  and  the  more  exact  positions  of  the  lines  on 
the  globe  in  Fig.  144. 

It  is  to  be  noted,  however,  that  these  lines  of  insertion 
are  not  straight,  but  are  curved  or  sometimes  even  wavy ; 
they  lie  neither  parallel  to  the  corneal  margin  nor  at  right 
angles  to  the  respective  meridian  either  of  the  muscles  or 
of  the  cornea,  though  those  of  the  medial  and  lateral  recti 
are  approximately  so  placed  (Fig.  145).  The  line  of  insertion 
of  the  medial  rectus  is  straight  or  feebly  convex  forwards, 
and  may  either  cut  the  horizontal  meridian  symmetrically 
or  cross  it  obliquely  and  unequally,  with  the  greater  length 
lying  above  ;  in  the  case  of  the  inferior  rectus,  the  line  is 
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oblique  and  markedly  convex  forwards,  and  in  two-thirds 
of  cases  the  greater  moiety  lies  lateral  to  the  vertical  meri- 
dian ;  the  line  of  the  lateral  rectus  is  usually  straight  and 
lies  perpendicular  to  the  horizontal  meridian,  though  in 
abnormal  cases  it  presents  an  asymmetry  the  reverse  of  that 
of  the  medial  rectus  ;  the  line  of  the  superior  rectus  is 
convex  forwards  and  is  most  often  asymmetrically  placed 


in 


FIG.  144. — Schematic  representation  of  the  lines  of  the  Muscle  insertions  on  to  the 

Eyeball  (from  Merkel,  1901).      Natural  size. 

I.=seen  from  above,  II.  from  the  medial  side,  III.  from  below,  IV.  from  the  lateral  side. 
s.=  superior   rectus,    i.  =  inferior  rectus,    m.—  medial  rectus,  /.=  lateral   rectus;  ^.-superior 
oblique,  oi.  =  inferior  oblique. 

relative   to  its  meridian,   sloping  obliquely  upwards   and 
lateralwards  with  the  greater  length  on  the  lateral  side. 

It  follows,  therefore,  that  the  above  distances,  measured 
from  the  mid-points  of  the  lines  of  insertion,  are  not  the 
shortest  nor  the  mean  distances  from  the  cornea,  and  Motais 
suggests  taking  the  nearest  and  farthest  points,  which  he 
finds  are  respectively  as  follows,  in  millimetres  : 

Rectus  Medialis.  Rectus  Inferior.  Rectus  Lateralis.  Rectus  Superior. 

5*5  5'5  67  6-5 

7*0  8-0  7-0  no 
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and  he  maps  out  the  lines  as  in  Fig.  145,  from  which  it  is 
seen  that  the  so-called  spiral  line  on  which  the  insertions 
lie  is  really  a  very  irregular  one. 

Finally,  Weiss  gives  the  distance  of  the  insertions  from 
the  optic  nerve  as  follows  : 


16-95  18-80  20-60  18-51 

That  there  is  much  individual  variation  in  the  position, 
length,  and  form  of  these  lines  of  insertion  is  seen  from 
Fig.  146,  as  found  by  Holmes,  and  is  illustrated  also  by 
Fuchs  (1884). 


FIG.  145. — The  insertions  of  the  Recti  Muscles  on  to  the  Left  Eyeball  according 
to  Motais  (in  Poirier,  1912).  The  line  joining  them  (L. )  describes  a  very 
irregular  spiral.  The  medial  rectus  lies  to  the  reader's  left. 

On  the  whole,  the  medial  rectus  is  the  largest  and  heaviest 
muscle,  and  is  most  advantageously  placed  nearest  the 
corneal  margin,  whilst  the  superior  rectus  is  the  weakest 
and  is  farthest  away,  especially  at  the  lateral  edge  of  its 
insertion. 

The  above  described  tendon  is  sometimes  termed  the 
'  primary  or  principal  insertion  "  of  the  muscle,  the  following 
being  then  considered  as  "  secondary  insertions  "  : 

(i.)  The  thin  recurved  strands  at  the  edges  of  the  tendons, 
(ii.)  The  few  fasciculi  which  are  inserted  on  to  the  globe  separate 

from  and  behind  the  remainder, 
(iii.)  Certain  attachments  of  the  muscle  sheaths  to  the  walls  of 

the  orbit,  which  form  the  so-called  "  check  ligaments," 

described  on  p.  293. 
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The  "  arc  of  contact f  which  the  muscle  tendon  makes 
with  the  globe  prior  to  its  insertion  has  been  studied  by 
Weiss  (1894),  especially  as  regards  the  lateral  and  medial 
recti,  and  he  points  out  the  increase  of  the  arc  of  the  lateral 
muscle  and  decrease  of  that  of  the  medial  consequent  to  the 
greater  divergence  of  the  orbits  during  growth  ;  the  changes 


vs. 


Left. 


C 


Jal 
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FIG.  146. — Lines  of  insertion  of  the  Muscles  on  several  Eyeballs  plotted  together  in 
order  to  show  the  difference  in  the  form  and  place  of  the  insertion.  All  the  lines 
of  the  right  eyes  are  grouped  together  in  the  upper  portion  of  the  figure,  and  all 
of  the  left  eyes  in  the  lower  portion.  In  both,  C.  represents  the  line  of  the 
cornea,  E.  the  equator  of  the  globe.  (From  Howe,  1907.) 


may  explain  cases  of  the  spontaneous  cure  of  convergen 
strabismus  which  existed  in  childhood  (see  also  p.  283). 


Having  considered  the  recti  muscles  together  as  regards 
their  origin  and  insertion,  the  relations  and  certain  other 
points  of  interest  remain  to  be  described  for  each  muscle. 

The  medial  rectus  (m.  rectus  medialis)  from  its  origin, 
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where  it  is  closely  applied  to  the  medial  side  of  the  optic 
nerve  sheath,  runs  forwards  and  inclines  a  little  upwards 
and  medialwards  ;  at  first  it  lies  in  contact  with  the  corre- 
sponding wall  of  the  orbit,  separated  by  the  thin  os  planum 
from  the  ethmoidal  air-cells,  but  in  its  anterior  third  it 
inclines  from  the  orbit  wall  to  reach  the  globe,  the  inter- 
vening space  being  filled  by  a  compact  mass  of  fat  (Fig.  130). 
Above  it  lies  the  superior  oblique  muscle,  closely  applied 
posteriorly  but  separated  by  the  naso- ciliary  nerve, 
ethmoidal  branch  and  terminal  part  of  the  ophthalmic 
artery  anteriorly.  A  branch  from  the  oculomotor  nerve 
enters  its  substance  in  several  strands  on  the  ocular  side 
about  15  mm.  from  its  origin,  and  its  blood-supply  is  pro- 
vided by  the  inferior  muscular  branch  of  the  ophthalmic 
artery. 

The  inferior  rectus  (m.  rectus  inferior)  runs  along  the  floor 
of  the  orbit  closely  related  to  the  palatinal  air-cell  near  its 
origin,  but  separated  by  a  mass  of  orbital  fat  from  the  roof 
of  the  sinus  maxillaris  or  antrum  of  Highmore  in  front  (Fig. 
I7°>  P-  326)  ;  its  infero-lateral  margin  lies  above  the  infra- 
orbital  nerve  in  the  hinder  part  of  its  course.  Anteriorly 
and  a  little  in  front  of  the  equator  of  the  globe  the  inferior 
oblique  muscle  passes  laterally  and  obliquely  beneath  the 
inferior  rectus,  the  fascial  sheaths  of  the  two  being  fused  at 
this  point  and  forming  the  suspensory  ligament  of  Lock- 
wood.  The  lower  division  of  the  oculomotor  nerve  runs  along 
its  ocular  or  superior  aspect,  and  the  branches  of  supply 
enter  about  the  junction  of  its  posterior  third  and  anterior 
two-thirds  ;  the  nerve  to  the  inferior  oblique  is  closely 
bound  to  its  lateral  margin  (Fig.  139).  The  blood-supply  is 
derived  from  the  inferior  muscular  branch  of  the  ophthalmic 
artery. 

The  lateral  rectus  (m.  rectus  later  alls)  is  attached  at  its 
origin  to  the  apex  of  the  lateral  orbital  wall,  being  thereby 
separated  from  the  temporal  pole  of  the  brain  ;  between  the 
muscle  origin  and  the  optic  nerve  is  the  fibrous  oculomotor 
foramen  through  which  there  enter  the  orbit  the  oculo- 
motor, the  abducent,  and  the  naso-ciliary  branch  of  the  tri- 
geminal  nerves,  and  the  ophthalmic  vein,  these  structures 
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being  consequently  here  closely  related  to  the  muscle  (Figs. 
139,  141).  A  little  in  front  of  this  point  (5  mm.  or  about 
J  inch)  lies  the  ciliary  ganglion  (ganglion  ciliare),  and  further 
forwards  the  ophthalmic  artery  and  the  naso-ciliary  nerve 
lie  likewise  between  the  muscle  and  the  optic  nerve  (Fig. 
178,  p.  349).  In  its  forepart  it  is  separated  laterally  by 
orbital  fat  from  the  wall  of  the  temporal  fossa  (Fig.  130)  ; 
above  it  is  in  contact  with  the  lacrimal  gland,  the  nerve 
and  artery  to  which  run  along  its  upper  border  ;  whilst 
between  its  lower  border  and  the  inferior  rectus  lies  the 
nerve  to  the  inferior  oblique  ;  at  the  globe  it  crosses  over 
the  inferior  oblique  muscle.  The  sixth  nerve  enters  it 
on  the  medial  aspect,  about  15  mm.  beyond  the  oculomotor 
foramen,  and  its  blood-supply  is  derived  from  the  lacrimal 
artery. 

The  superior  reetus  (m.  rectus  superior)  lies  beneath  and 
in  intimate  contact  with  the  levator  palpebrae  superioris, 
separated  by  it  from  the  frontal  nerve  and  roof  of  the  orbit 
(Fig.  63,  p.  135)  ;  it  is  united  to  the  levator  along  its  medial 
border  by  the  adherence  of  their  fascial  sheaths,  and  also 
by  the  passage  through  the  latter  of  the  superior  division 
of  the  oculomotor  nerve,  which  supplies  both  muscles.  The 
ophthalmic  artery  and  the  naso-ciliary  nerve  lie  beneath  it 
posteriorly,  between  it  and  the  optic  nerve  ;  in  front  it 
passes  over  the  tendon  of  the  superior  oblique  muscle. 
The  direction  of  its  long  axis  from  the  apex  of  the  orbit  to 
the  globe  inclines  laterally,  and  so  does  not  coincide  with 
the  sagittal  axis  of  the  latter,  but  forms  an  angle  of  about 
25°  with  it.  It  does  not  lie  directly  above  the  inferior 
rectus,  but  is  placed  slightly  more  lateral. 

The  superior  oblique  muscle  (m.  oUiquus  superior) 
lies  along  the  angle  between  the  medial  wall  and  roof  of  the 
orbit  (Fig.  63,  p.  135).  It  arises  by  a  short,  slender  tendon 
anterior  and  medial  to  the  optic  foramen,  from  which  it  is 
separated  by  the  medial  rectus,  in  the  angle  between  the 
annulus  of  Zinn  and  the  periorbita.  It  may  further  be 
attached  to  the  medial  orbital  wall  for  a  few  millimetres 
from  its  origin.  The  belly  of  the  muscle,  more  rounded  than 
that  of  the  recti,  runs  forwards,  parallel  and  close  to  the 
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nasal  wall  above  the  medial  rectus,  but  separated  from 
the  latter  by  the  naso-ciliary  nerve  and  ophthalmic  artery, 
and  crossed  by  their  ethmoidal  branches  ;  a  few  millimetres 
behind  the  orbital  margin  at  its  supero-medial  angle  the 
muscle  becomes  tendinous  and  passes  through  a  cartilagin- 
ous ring,  the  pulley  or  trochlea  ;  it  then  bends  abruptly 
backwards,  slightly  down,  and  lateralwards  at  a  "  trochlear 
angle  '  of  about  54°,  and  the  round  tendon  broadens  out, 
pierces  the  fascia  bulbi,  and  passes  beneath  the  superior 
rectus,  to  be  inserted  into  the  back  and  lateral  side  of  the 
eyeball.  The  first  part  of  the  "muscle  from  its  origin  to  the 
trochlea  is  referred  to  as  the  direct  portion,  and  the  tendinous 
part  between  the  trochlea  and  the  globe  as  the  reflected 
portion.  The  tendon  measures  20  mm.  or  f  inch  in  length 
from  pulley  to  globe,  and  is  enveloped  by  a  prolongation  of 
the  fascia  bulbi  as  far  as  the  pulley. 

In  most  mammals  this  reflected  portion  is  also  fleshy, 
and  indeed  in  lower  vertebrates  the  whole  muscle  is  repre- 
sented by  the  reflected  portion  only,  which  arises  from  the 
medial  angle  of  the  orbit  near  the  inferior  oblique.  The 
insertions  of  the  tendons  of  the  oblique  muscles  differ  from 
these  of  the  recti  in  being  placed  on  the  posterior  instead  of 
the  anterior  hemisphere  of  the  eyeball;  they  also  show  much 
more  variation  in  position,  as  is  shown  in  Fig.  146. 

The  line  of  insertion  of  the  superior  oblique  tendon 
crosses  the  vertical  meridian  obliquely  and  is  curved  with  a 
backwardly  directed  convexity.  The  breadth  as  measured 
by  Fuchs  on  31  emmetropic  globes  was  on  an  average 
107  mm.,  with  extremes  of  from  7-5  to  12-7  mm.,  but 
was  found  narrower  in  myopic  globes,  in  20  of  which  it 
averaged  9-6  mm.  with  extremes  of  from  6-8  to  14  mm. 
The  distance  from  the  corneal  margin  to  where  the  line 
crosses  the  meridian  is  from  16  to  17-9  mm.  (Fuchs),  but 
Weiss  in  5  adult  emmetropic  eyes  found  the  anterior  edger  of 
the  obliquely  placed  line  to  lie  13-85  mm.  from  the  cornea  and 
14-66  mm.  from  the  optic  nerve,  whilst  the  posterior  end  was 
18-8  mm.  from  the  cornea  and  7-56  mm.  from  the  nerve ; 
the  anterior  end  also  lies  on  the  same  meridian  as  the  lateral 
end  of  the  line  of  attachment  of  the  superior  rectus,  but 
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distant  4-6  mm.  (with  extremes  of  from  0-5  to  8  mm.)  from 
it,  though  the  two  tendons  are  often  connected  by  connective 
tissue  strands.  The  line  of  the  superior  oblique  is  similarly 
connected  with  that  of  the  inferior  oblique,  but  is  separated 
from  it  by  15  mm.  at  the  anterior  end  and  11-9  mm.  at  the 
posterior  end.  Fuchs  (1884)  described  two  types  of  inser- 
tion :  one  in  which  the  line  is  broad  with  a  strongly  marked 
anterior  concavity,  and  lies  in  an  equatorial  direction  across 
the  vertical  meridian  with  the  grea-ter  part  on  its  lateral 
side  (Fig.  144),  as  more  commonly  found  in  emmetropic 
and  hypermetropic  eyes  ;  the  other  narrower  and  flattened, 
and  lying  entirely  in  the  lateral  quadrant  almost  parallel 
to  the  vertical  meridian,  as  found  in  myopic  (though  occasion- 
ally in  normal)  globes. 

The  trochlear  or  fourth  nerve  crosses  over  the  muscle 
from  the  medial  side  to  enter  its  substance  at  about  12  mm. 
from  its  origin ;  the  blood-supply  is  derived  from  the  superior 
muscular  branch  of  the  ophthalmic  artery. 

The  trochlea  or  pulley  of  the  superior  oblique  muscle 
consists  of  a  finely  grooved  and  curved  plate  of  hyaline 
cartilage,  4  mm.  long  by  6  mm.  broad  ;  its  edges  are  attached 
to  the  fovea  trochlearis  of  the  frontal  bone  (p.  24)  by  fibrous 
retinacula,  so  completing  the  tube  through  which  the  muscle 
tendon  slides,  as  shown  in  Fig.  104.  The  tendon  here,  as  it 
actually  passes  through  the  pulley,  is  invested  by  very  lax 
areolar  tissue  with  an  imperfect  endothelial  lining  in  its 
clefts,  but  there- is  scarcely  a  true  synovial  membrane  lining 
the  trochlea  (Macalister,  1889).  The  fascial  sheath,  which 
envelops  the  tendon  from  its  point  of  entry  into  the  capsule 
of  Tenon,  extends  up  to  the  pulley,  and  is  fixed  to  and  termin- 
ates at  the  latter.  The  trochlea  was  primitively  a  specialised 
part  of  the  sheath  of  the  muscle  at  its  origin,  which  was 
situated  near  the  orbital  margin,  but  the  need  for  a  longer 
muscle  belly  in  mammals  has  led  to  the  development  of  the 
pulley  and  the  retrogression  of  the  origin  backwards  towards 
the  apex  of  the  orbit.  Maddox  (1907)  suggests  that  the 
reason  why  the  superior  oblique  has  a  pulley  is  that  since 
the  speed  with  which  a  muscle's  point  of  insertion  moves 
is  proportional  to  its  length,  it  is  necessary  for  the  superior 
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oblique,  the  virtual  origin  of  which  as  regards  its  action  is 
from  the  pulley,  to  have  a  long,  fleshy,  reflected  portion  ex- 
tending to  the  back  of  the  orbit  if  it  is  to  keep  pace  with 
the  movements  of  the  recti ;  and  as  regards  this  advantage 
over  the  inferior  oblique,  the  reason  may  be  that  prolonged 
looking  downwards  is  more  important  for  daily  work  than 
looking  upward,  and  therefore  the  former  excursions  of  the 
eye  are  more  amply  provided  for  than  the  latter.  It  may 
be  pointed  out,  however,  that  the  disparity  between  the 
lengths  of  the  contractile  parts  of  the  two  muscles  is  not 
great,  since  the  muscle  belly  of  the  superior  is  approximately 
40  mm.  long,  and  the  total  length  of  the  inferior,  which  is 
fleshy  throughout  nearly  its  whole  extent,  is  about  37  mm. 
The  inferior  oblique  (m.  obliquus  inferior)  muscle  is 
the  only  one  of  the  ocular  muscles  which  does  not  arise 
from  the  apex  of  the  orbit.  The  origin  is  from  a  small 
shallow  depression  on  the  orbital  floor,  just  within  the 
inferior  orbital  margin  lateral  and  usually  close  to  (see 
p.  284)  the  opening  of  the  naso-lacrimal  canal  (Fig.  16) ; 
some  fibres  frequently  arise  from  the  lower  part  of  the 
fascia  covering  the  lacrimal  fossa,  and  so  are  closely 
related  to  the  lower  part  of  the  lacrimal  sac  (Fig.  129). 
The  muscle  passes  laterally  and  backwards  as  a  flat  band 
beneath  the  inferior  rectus,  to  which  it  is  closely  connected 
by  the  fusion  of  their  fascial  sheaths  (Fig.  67),  is  separated 
from  the  floor  of  the  orbit  by  a  compact  mass  of  fat,  and  is 
inserted,  like  the  superior  oblique,  on  to  the  posterior 
hemisphere  of  the  eyeball ;  its  course  intersects  the  axis 
of  the  orbit  at  an  angle  of  75°  ;  it  is  fleshy  in  nearly  its 
whole  extent,  the  tendon  being  only  2-6  mm.  long  or, 
indeed,  often  non-existent,  so  that  the  muscle  fibres  pierce 
the  sclera  (Fig.  134).  The  line  of  insertion  lies  obliquely 
in  the  lateral  and  inferior  quadrant  of  the  posterior  hemi- 
sphere, farther  back  than  that  of  the  superior  oblique, 
with  which  it  is  not  parallel  but  makes  an  angle  of  25°, 
and  nearer  the  optic  nerve,  from  which  it  is  distant  about 
5-2  mm.  in  normal  but  7-1  mm.  in  myopic  globes  ;  it  lies 
9-5  mm.  away  from  the  insertion  of  the  lateral  rectus  and 
almost  on  the  same  meridian,  though  at  right  angles  to 
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the  line  of  the  latter,  and  is  only  2-2  mm.  from  a  spot  corre- 
sponding to  the  fovea  of  the  retina.  The  distance  from  the 
corneal  margin  is  from  17-3  mm.  to  19-1  mm.  (Fuchs).  The 
variations  in  its  position  are  seen  in  Fig.  146.  Salzmann 
(1912)  notes  that  the  line  of  its  insertion  often  shows  gross 
irregularities,  angular  serrations,  or  even  dehiscences.  The 
branch  from  the  inferior  division  of  the  oculomotor  nerve 
enters  the  muscle  belly  about  the  middle  of  its  hinder  border, 
and  its  blood-supply  is  derived  from  the  infra-orbital  artery 
as  well  'as  the  inferior  muscular  branch  of  the  ophthalmic 
artery. 

For  the  comparative  anatomy  of  the  oblique  and  recti 
muscles  the  reader  interested  should  consult  the  work  of 
Motais  (1887),  and  papers  by  Struthers  (1849),  Ottley 
(1879),  and  Corning  (1902)  ;  Poole  (1905)  discusses  the 
variation  in  the  trochlear  angle  in  the  domestic  animals. 

The  Action  of  the  Muscles. — The  movements  of  the 
eyeball  have  been  resolved  by  Fuchs  (1917)  into  components 
which  correspond  to  three  primary  axes,  perpendicular  to 
each  other  and  intersecting  at  its  "  centre  of  movement ' 
or  "  point  of  rotation  "  ;  this  point  in  a  emmetropic  eye  is 
situated  not  at  the  mathematical  centre  of  the  globe,  but 
a  little  behind  the  mid-point  of  its  antero-posterior  axis, 
or  14  mm.  behind  the  summit  of  the  cornea  and  10  mm. 
in  front  of  the  posterior  pole  ;  in  myopic  globes  the  distance 
is  14-52  mm.  and  in  hypermetropic  13-22  mm.  behind  the 
anterior  surface  of  the  cornea  (Bonders).  The  three  primary 
axes  are : 

The  vertical  axis,  around  which  lateral  movements  occur 
to  the  right  and  left,  that  is,  abduction  and  adduction  or 
divergence  and  convergence  of  the  cornea  on  the  horizontal 
plane  ; 

The  frontal  axis,  running  from  right  to  left,  and  related 
to  movements  of  elevation  and  depression  of  the  cornea ; 

The  sagittal  axis,  passing  from  before  backwards,  corre- 
sponding to  the  visual  axis,  and  correlated  with  medial  and 
lateral  rotation,  or  intorsion  and  extorsion  of  the  cornea. 

As  regards  the  actions  of  the  muscles,  it  is  first  to  be 
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emphasised  that  the  eyeball  is  delicately  poised  in  the  fascia 
and  fat  of  the  orbit ;  the  capsule  of  Tenon  forms  its  primary 
socket,  and  the  two,  globe  and  fascia,  move  together  in  any 
but  the  smallest  excursions  upon  the  bed  of  fat  which  com- 
pletely fills  the  surrounding  space  up  to  the  bony  orbital 
wall.  The  globe  undergoes  no  change  of  place  as  a  whole, 
but  simply  rotates  about  the  centre  of  movement ;  since, 
however,  this  point  is  not  the  mathematical  centre  of  the 
eyeball,  it  is  more  correct  to  describe  the  movement  as 
oscillation  rather  than  rotation.  A  state  of  equilibrium  is 
maintained  by  the  tonicity  of  all  the  ocular  muscles,  and 
individually  it  is  impossible  for  any  one  muscle  to  act 
without  the  others  participating  both  in  the  movement  and 
in  the  maintenance  of  the  new  position  of  the  globe ;  in  every 
motion  from  three  to  five  muscles  participate,  one  or  two  act- 
ing directly  and  the  others  helping  by  steadying  the  course. 

Incidentally  there  is  to  be  noted  the  extent  to  which  the 
head  itself  participates  in  all  except  the  most  narrow  ranging 
of  the  visual  regard,  a  co-ordination  which  serves  to  relieve 
the  ocular  mechanism  of  wide  excursions  and  favours 
concentration  of  effort  upon  the  finer  movements  ;  the 
prevalence  of  this  unconscious  act  is  well  realised  when  the 
observer  is  suffering  from  a  stiff  neck,  for  example,  and  is 
a  noticeable  feature  in  the  muscular  rigidity  of  paralysis 
agitans. 

As  a  whole,  the  four  recti  may  be  regarded  as  retractors 
of  the  eyeball ;  they  are  antagonised  by  the  two  obliques, 
which  from  their  origins  and  directions  are  protractors 
(apart  from  their  pull  nasal- wards  on  the  globe),  and 
this  is  probably  the  active  element  in  maintaining  the 
equilibrium  of  the  globe  (Theobald,  1918)  ;  the  medial  and 
lateral  recti  are  nearly  perfect  antagonists  in  movements 
of  the  cornea  upon  a  horizontal  plane ;  the  superior  and 
inferior  recti  are  opposed  in  producing  elevation  and  depres- 
sion and  in  torsion,  but  both  act  as  adductors  ;  the  two 
oblique  muscles  rotate  the  eyeball  in  opposite  directions  in 
elevation  and  depression  of  the  cornea  and  in  torsion,  but 
both  produce  abduction.  Thus  the  equilibrium  of  the  globe 
is  assured  by  the  anatomical  dispositions  of  the  muscles  ; 
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in  movements,  the  action  of  a  contracting  muscle,  which 
shortens  in  full  extent  about  a  quarter  of  its  length,  is 
moderated  by  its  antagoniser,  which  elongates  to  the 
requisite  degree.  A  rise  of  intra-ocular  pressure  in  con- 
sequence of  the  muscle  action,  especially  in  convergence 
of  vision,  has  been  assumed,  but  Levinsohn  (1910)  con- 
siders the  action  to  be  too  slight  to  affect  the  pressure ; 
Lederer  (1912),  on  the  other  hand,  found  that  a  rise  of 
pressure  equal  to  5  mm.  of  mercury  occurs  in  marked  lateral 
motions  of  the  eye,  due,  however,  to  the  compression  of  the 
globe  against  the  orbital  fat.  It  may  be  noted  that  Ochi 
(1919)  ascribes  juvenile  progressive  myopia  to  the  pressure 
of  the  muscles  on  eyeballs  with  weak  sclerotic  coats. 

The  individual  action  of  each  muscle  can  be  described 
as  determined  by  its  anatomical  disposition  as  follows,  but 
it  is  to  be  noted  that,  except  for  the  medial  and  lateral 
recti,  each  has  a  main  and  a  subsidiary  action. 

The  medial  rectus  is  the  adductor  of  the  eye,  turning  the 
cornea  medialwards,  and  the  movement  is  sensibly  direct, 
with  a  possible  excursion  of  45° ;  the  simultaneous  con- 
traction of  two  muscles  produces  convergence  of  vision. 

The  lateral  rectus  has  a  directly  opposite  action  ;  it  is 
the  abductor  of  the  eye  and  directs  the  cornea  lateral- 
wards  ;  the  motion  is  direct  and  has  an  excursion  of  nearly 
the  same  extent  as  that  of  the  medial  rectus. 

The  superior  rectus  is  an  elevator  of  the  cornea,  but 
since  its  direction  does  not  coincide  with  the  sagittal  axis 
of  the  eyeball  but  forms  an  angle  of  23°  with  it,  and 
since  its  insertion  falls  on  the  anterior  hemisphere  in 
front  of  the  centre  of  movement  of  the  globe,  it  will  not 
only  elevate  but  adduct,  and  can,  moreover,  incline  the 
upper  end  of  the  vertical  axis  medialwards,  that  is,  rotate 
the  globe  in  this  direction.  The  action  then  is  to  elevate, 
adduct,  and  intort  the  cornea. 

The  inferior  rectus  is  a  depressor  of  the  eye,  but  since, 
like  the  superior  rectus,  its  long  axis  inclines  laterally 
forwards  and  so  makes  an  angle  with  the  visual  axis 
of  the  globe,  it  also  possesses  a  slight  action  of  adduction, 
directing  the  cornea  medially ;  it  can  also  cause  a  small 
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degree  of  extorsion,  and  its  action,  therefore,  is  to  depress, 
adduct,  and  extort  the  cornea. 

The  superior  oblique  must  be  considered  to  act  relative 
to  the  globe  from  its  physiological  origin  at  the  pulley. 
Primarily  it  will  raise  the  posterior  hemisphere  of  the  globe, 
to  the  upper  aspect  of  which  it  is  fixed,  and  so  depress  the 
cornea,  but  since  it  is  also  inserted  behind  the  centre  of 
movement  of  the  globe  at  an  angle  of  39°  to  the  optic  axis 

Elevation 


FIG.  147. 


Depression 

-Schematic  plan  to  illustrate  the  action  of  the  Ocular  Muscles. 
(After  Marquez,  from  Fuchs,  1917.) 


The  action  of  each  muscle  is  shown  by  arrows,  which  represent  this  action  as  decomposed  into 
its  components,  according  to  the  parallelogram  of  forces.  The  components  representing  torsion 
are  drawn  on  the  outer  circle  and  indicate  with  their  apices  the  position  of  the  extremity  of  the 
vertical  meridian,  when  the  upper  end  of  the  latter  has  been  tilted  by  the  muscle  inward  or  outward, 
as  the  two  dotted  lin.es  crossing  in  the  centre  of  the  figure  represent.  The  curved  arm,  in  other 
words,  shows  the  direction  in  which  the  vertical  meridian  is  tilted,  and  the  amount  of  tilting.  The 
inferior  oblique,  in  accordance  with  its  elevating  action,  is  drawn  on  the  upper  rim  of  the  outer 
circle,  and  the  superior  oblique,  because  of  its  depressing  action,  is  drawn  o  i  the  lower  rim. 
There  are  shown  by  this  plan  — 

(1)  That  the  action  of  the  medial  rectus  and  lateral  rectus  alone  is  simple,  tnat  o    all  the 
other  muscles  being  made  up  of  the  two  or  three  components. 

(2)  That  for  all  movements,  except  the  purely  lateral  ones,  two  or  three  muscles  act  in  concert. 

(3)  That  when  this  occurs,  two  out  of  the  three  components  of  each  muscle  are  in  large  part 
nullified,  because  opposed  by  those  of  other  muscles,  so  that  in  general  only  the  third  set  of 
components,  which  have  the  same  direction  and  hence  act  as  if  added  together,  come  into  play. 


(Fig.  144,  1.),  it  will  at  the  same  time  draw  the  posterior 
medially,  so  abducting  the  cornea  ;  finally,  from  its  insertion 
lateral  to  the  sagittal  meridian,  it  can  rotate  the  eyeball 
slightly  medialwards.  Its  action,  therefore,  is  to  depress, 
abduct,  and  intort  the  cornea. 
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The  inferior  oblique  similarly  can  be  understood  from 
its  position  beneath  the  globe  and  its  insertion  on  the 
posterior  hemisphere  to  the  lateral  side  of  the  sagittal 
meridian,  primarily  to  elevate,  secondarily  to  abduct  and 
extort  the  cornea.  It  would  appear  that  were  it  not  for 
the  forward  divergence  of  the  orbital  axes  and  the  con- 
sequent angular  pull  of  the  superior  and  inferior  recti,  the 


ELEVATION 
Sup.  RECTUS  (III.) 
Inf.  oblique  (III.) 

A 


INF.  OBLIQUE  (III.) 

Lat.  rectus  (VI.) 

Sup.  rectus  (III.) 


ABDUCTION 

LAT.  RECTUS  (VI.) 


SUP.  OBLIQUE  (IV). 

Lat.  rectus  (VI.) 
Inf.  rectus  (III.) 


SUP.  RECTUS  (III.) 
Med.  rectus  (1 1 1.) 
Inf.  oblique  (1 1 1.) 


ADDUCTION 
MED.  RECTUS  (III.) 


INF.  RECTUS  (III.) 
Med.  rectus  (III.) 
Sup.  oblique  (IV.) 


DEPRESSION 
INF.  RECTUS  (III.) 
Sup.  oblique  (IV.) 

FIG.  148. — Scheme  of  movements  of  the  Cornea  with  the  muscles  that  affect  them. 
The  predominant  muscles  are  in  capital  letters ;  the  roman  numerals  after 
the  names  indicate  the  nerve  supply.  (Adapted  from  Testut,  1914.) 

need  for  post-equatorial  insertion  of  the  oblique  muscles 
to  counteract  this  secondary  action  of  the  recti  would  dis- 
appear. 

The  movements  of  the  cornea  are  caused  by  combinations 
of  these  individual  muscular  actions  ;  thus  direct 

Elevation  results  from  the  combined  action  of  the 
superior  rectus  and  inferior  oblique  (both  supplied  by  the 
third  nerve)  ; 

Depression  is  effected  by  the  inferior  rectus  (third  nerve) 
and  superior  oblique  (fourth  nerve)  ; 
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Abduction  by  the  lateral  rectus  (sixth  nerve),  assisted 
by  the  two  obliques  (third  and  fourth  nerves),  especially 
towards  the  end  of  the  movement  ; 

Adduction  by  the  medial  rectus  assisted  towards  the 
end  of  its  excursion  by  the  superior  and  inferior  recti  (all 
supplied  by  the  third  nerve)  ; 

Further  movements 

Up  and  lateralwards  are  effected  by  the  superior  and 
lateral  recti  and  inferior  oblique  muscles  ; 

Up  and  medialwards  by  the  superior  and  medial  recti 
and  inferior  oblique  ; 

Down  and  lateralwards  by  the  inferior  and  lateral  recti 
and  superior  oblique  ; 

Down  and  medialwards  by  the  inferior  and  medial  recti 
and  superior  oblique  ; 

Intorsion  by  the  superior  oblique  and  superior  rectus  ; 

Extorsion  by  the  inferior  oblique  and  inferior  rectus. 

The  actions  of  the  muscles  are  well  illustrated  by  the 
schematic  plan  of  Marquez  (Fig.  147),  as  reproduced  by 
Fuchs,  from  whose  classical  text-book  the  above  descrip- 
tion is  largely  taken,  and  the  movements  of  the  cornea  are 
shown  in  Fig.  148.  More  detailed  descriptions  of  the 
action  of  these  muscles  and  the  movements  of  the  eyeballs, 
of  which  the  above  is  but  a  brief  summary  of  the  main 
facts,  will  be  found  in  the  works  of  Stevens  (1887),  Maddox 
(1907),  Howe  (1907),  and  in  any  of  the  current  text-books 
of  ophthalmology.  See  also  pp.  389  and  391. 

From  a  clinical  point  of  view,  the  position  of  the  insertion 
and  action  of  the  muscles  in  the  myopic  or  elongated  eyeball 
are  of  interest.  Fuchs  states  that  the  distances  of  the  recti 
from  the  corneal  margin  are  not  increased,  the  elongation 
only  affecting  the  posterior  hemisphere  as  regards  axial 
length.  The  oblique  muscles,  however,  are  thereby  affected, 
passing  more  transversely  and  less  antero-posteriorly  to 
their  insertion,  so  that  the  angles  which  they  make  with  the 
medial  plane  are  increased ;  their  abducting  power  is 
greater,  and  the  adducting  power  of  the  superior  and  inferior 
recti  diminished,  conditions  favouring  the  condition  of 
divergent  strabismus  (Fisher,  1904).  As  regards  the  range 
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of  movement  of  the  insertions,  Landolt  finds  an  equal 
excursion  of  47°  from  the  position  of  rest  in  all  directions, 
and  Charpy  gives  ranges  of  45°  (medial  rectus),  50°  (inferior), 
46°  (lateral),  45°  (superior). 

As  quite  subsidiary  actions  of  the  muscles,  it  may  be 
added  that  by  means  of  the  connections  of  their  facial 
sheaths  the  superior  rectus  pulls  up  the  superior  conjunc- 
tival  fornix  and  also  assists  the  levator  in  raising  the  upper 
lid,  the  inferior  rectus  slightly  depresses  the  lower  lid,  the 
lateral  rectus  draws  the  corresponding  commissure  slightly 
backwards,  and  the  medial  rectus  causes  marked  recession 
of  the  lacrimal  caruncle. 

Development.  —  It  is  commonly  assumed  on  morpho- 
logical grounds  that  the  orbital  muscles  are  derived  from 
the  anterior  head  or  cephalic  mesoblastic  somites,  though 
the  latter  have  never  been  observed  in  man  or  mammals. 
Their  mode  of  development  in  lower  forms  is  described  in 
some  detail  by  Ryder  (1900).  The  first  somite  gives  rise 
to  the  levator,  superior,  medial,  and  inferior  recti  and 
inferior  oblique,  supplied  by  the  third  nerve  ;  the  second 
somite  gives  origin  to  the  superior  oblique,  supplied  by  the 
fourth  nerve  ;  and  the  third  somite  to  the  lateral  rectus, 
supplied  by  the  sixth  nerve.  Neal  (1918),  however,  pro- 
duces evidence  from  comparative  anatomy  to  support  the 
contention  of  Dohn  that  the  lateral  rectus  is  derived  in 
part  also  from  the  second  somite  ;  in  his  paper  will  be  found 
the  literature  upon  the  subject.  Lewis  (in  Keibel  and  Mall, 
1910)  found  that  in  man  all  the  eye  muscles  arise  from  a 
common  pre-muscle  mass,  first  recognisable  in  an  embryo 
of  7  mm.  in  length,  and  connected  with  the  third  nerve 
only  ;  the  fourth  and  sixth  nerves  entered  at  the  9  mm. 
stage,  wherein  the  muscle  mass  began  to  show  signs  of 
cleavage  ;  at  14  mm.  all  the  muscles  are  to  be  distinguished, 
and  have  nearly  the  same  position  relative  to  the  eyeball 
as  in  the  adult,  though  the  inferior  oblique  does  not  com- 
pletely separate  off  from  the  inferior  rectus  until  later.  In 
a  reconstruction  by  Ask  (1910)  of  the  muscles  of  the  eye 
in  an^ embryo  of  55  mm,  long,  the  levator  is  only  just  begin- 
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ning  to  separate  off  from  a  well-developed  superior  rectus. 
Poyales  (1917)  has  also  studied  the  muscles  in  the  human 
embryo  and  finds  that  the  lateral  rectus  shows  inferiority 
as  compared  with  the  medial  rectus  in  age,  length,  and 
number  of  fibres  ;  he  considers  that  the  consequent  greater 
power  of  the  medial  rectus  would  be  the  cause  of  the  con- 
genital strabismus  of  the  new-born  (see  also  p.  270). 

Abnormalities.  -  -  It  is  probable,  to  judge  from  the 
writer's  individual  experience  in  finding  quite  a  number 
of  gross  abnormalities  of  the  ocular  muscles  in  his  series  of 
dissections,  that  such  are  by  no  means  as  excessively  rare 
as  would  appear  from  the  number  recorded  in  the  literature  ; 
dissecting-room  conditions  do  not  favour  their  identifica- 
tion, and  in  life  some  may  be  unrecognisable  through  com- 
pensatory action  of  the  other  muscles.  They  are  explained 
by  errors  in  development  by  cleavage  from  the  common 
pre-muscular  mesoblastic  mass.  See  also  Hardy  (1914). 

The  superior  rectus  has  been  found  to  give  off  a  muscular 
slip  15  mm.  long,  which  arose  from  the  same  origin  from  the 
annulus  of  Zinn  and  passed  downwards  and  forwards  across 
the  lateral  face  of  the  optic  nerve  to  join  the  inferior  rectus 
about  its  mid-point ;  the  nerve-supply  came  from  the  inferior 
division  of  the  third  nerve  (Aubaret).  See  also  p.  188. 

The  medial  rectus  has  been  found  absent  in  some  cases 
of  divergent  strabismus  (Ledouble,  Krause).  Its  posterior 
third  may  be  fused  with  the  inferior  rectus.  A  bifid  sclerotic 
insertion  by  two  tendons,  16  mm.  in  length,  is  recorded 
( Wicherkiewicz) . 

The  lateral  rectus  has  likewise  been  found  undeveloped 
in  some  cases  of  convergent  strabismus  (Ledouble,  Krause), 
and  a  case  of  atrophy  of  the  muscle  has  been  noted  on 
operating  for  strabismus  in  the  living  (Bourgeois).  A 
fasciculus  may  pass  from  it  to  the  inferior  rectus,  as  is  normal 
in  certain  ruminants,  or  to  the  lateral  wall  of  the  orbit. 
A  lateral  rectus  with  two  extra  fasciculi  which  passed 
forwards  to  end  on  the  inferior  tarsal  plate  and  lateral  wall 
is  recorded  (Curnow).  In  the  specimen  photographed  in 
I1"ig-  37  there  was  a  well-marked,  fleshy  bundle  7  mm.  long 
and  2  rnm.  in  diameter,  passing  from  the  lateral  rectus  across 
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the  posterior  third  of  the  orbit  beneath  the  optic.nerve  to 
fuse  with  the  belly  of  the  medial  rectus  ;  no  nerve  could  be 
traced  to  it. 

The  inferior  rectus  in  the  preparation  photographed  in 
Fig. '155  can  be  seen  giving  off  a  large  muscular  bundle 
which  passed  lateral  to  the  optic  nerve  and  joined  the 
superior  rectus  ;  it  was  innervated  by  the  lower  division  of 
the  third  nerve. 

The  superior  oblique  may  be  closely  accompanied  by  an 
offshoot  from  the  levator  palpebrae  superioris,  sometimes 
called  the  comes  obliqui  superioris  (see  p.  144).  In  the 
preparation  shown  in  Fig.  184  there  were  present  two  long 
muscle  bundles,  arising  in  common  with  the  levator  and 
ending  anteriorly,  the  one  upon  the  fascia  bulbi  between  the 
superior  oblique  and  the  globe,  the  other  on  the  orbital 
margin  beneath  the  pulley  ;  the  nerve  supply  came  from 
the  fourth  nerve  ;  the  superior  oblique  was  broader  than 
usual.  Ledouble  has  found  supernumerary  fasciculi  accom- 
panying the  reflected  tendon  ;  and  has  further  recorded  a 
case  where  the  direct  or  normal  fleshy  part  of  this  muscle 
was  absent,  the  reflected  or  usually  tendinous  part  being 
muscular  and  arising  from  the  site  of  the  pulley,  recalling 
the  type  normally  found  in  non-mammalian  vertebrates. 

The  inferior  oblique  has  been  found  by  the  writer  to  have 
an  abnormally  placed  origin  in  several  instances.  Out  of 
100  orbits  examined,  the  origin  was  in  the  usually  described 
position  immediately  adjacent  to  the  incisura  lacrimalis  of 
the  maxilla  in  45  instances ;  it  lay  from  2  to  5  mm.  distant 
in  47  cases  (most  often  in  the  left  orbit) ;  and  was  situated 
from  6  to  7  mm.  lateral  to  the  normal  position  in  8 
cases.  Of  the  latter  the  muscles  were  examined  in  three 
eyeballs  and  found  to  be  inserted  higher  up  than  usual, 
and  their  total  length  was  normal ;  the  position  resembles 
that  found  in  certain  fishes  (Whitnall,  1921). 

An  abnormal  muscle  bundle  (musculus  obliquus  acces- 
sor ius  inferior)  has  been  found  by  Rex  passing  from  the 
apex  of  the  orbit  to  the  inferior  oblique,  but  also  sending  a 
slip  to  join  the  inferior  rectus  ;  it  was  found  in  both  orbits, 
and  was  supplied  by  the  third  nerve. 
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Vestiges  of  the  musculus  retractor  bulbi  (retractor  oculi, 
superior  oculi,  rectus  posterior,  choanoid)  muscle  have  on  rare 
occasions  been  recorded  in  man,  and  what  would  appear  to  be 
a  well-marked  example  is  illustrated  in  Fig.  149.  The  muscle 
is  first  met  with  in  amphibians  and  certain  reptiles,  and  exists 
in  the  greater  number  of  mammals,  reaching  its  highest  de- 
velopment in  the  ruminants ;  vestiges  occur  in  some  monkeys 
(e.g.  macacus  rhesus) .  The  muscle  arises  from  the  apex  of  the 
orbit,  lies  wholly  within  the  cone  of  muscles  formed  by  the 
recti,  and  is  inserted  on  to  the  posterior  hemisphere  of  the 
globe  ;  it  may  exist  either  as  a  cone-shaped  mass  cleft  only 
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FIG.  149. — Sketch  of  an  instance  of  the  Retractor  Bulbi  Muscle  in  Man.  There 
were  four  muscular  bundles  passing  forwards  towards  the  globe,  but  each  fused 
with  a  rectus  muscle  before  reaching  it  ;  one  bundle  was  innervated  by  the 
sixth  nerve  as  shown  in  the  sketch,  but  the  others  were  supplied  by  the  third 
nerve.  For  description  see  the  paper  by  the  writer,  1911. 

by  a  passage  for  the  optic  nerve,  as  in  the  pig,  or  be  sub- 
divided into  two  or  more  parts  ;  in  the  cat,  for  example, 
the  muscle  is  divided  about  2  mm.  from  its  origin  into  four 
slips,  which  diverge  and  pass  forwards  to  be  inserted  on  to 
the  globe  behind  the  attachments  of  the  recti  and  opposite 
the  intervals  between  them.  It  is  to  be  regarded  as  a  deriva- 
tive of  the  lateral  rectus  (Corning,  1902  ;  Johnson,  1901), 
and  is  innervated  in  the  domestic  animals  by  the  sixth 
nerve  (Hopkins,  1916),  though  in  the  writer's  example  in 
man  the  third  nerve  shared.  Its  action  is  antagonised  by 
the  membrana  orbitalis  musculosa  or  protractor  of  the  globe. 
In  the  macaque  monkey  it  is  found  reduced  to  a  single 
bundle  placed  between  the  superior  and  lateral  recti,  in 
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which  position  Ledouble  found  delicate  muscle  bundles  in 
two  cases  in  man.  Other  instances  have  been  noted  by 
Nussbaum,  and  Fleischer  (1907),  and  according  to  Lewitsky 
(1910)  it  is  always  represented  in  man  (thirty  specimens 
examined)  by  a  well-marked  strand  of  connective  tissue 
(fascia  retro-bulbaris)  lying  between  the  lateral  rectus  and  the 
optic  nerve,  and  attached  to  the  back  of  the  fascia  bulbi 
anteriorly;  it  does  not  appear,  however,  to  be  readily 
identifiable.  The  literature  will  be  found  in  a  paper  by  the 
writer  (Whitnall,  1911). 

3.  The  Fascia  of  the  Orbit  (fasciae  orbitales).-  This 
comprises  : 

(i.)  A  condensation  of  connective  tissue  containing  both 
collaginous  and  elastic  fibres  round  the  eyeball,  which  forms 
a  primary  socket  for  it  called  the  fascia  bulbi  or  Tenon's 
capsule. 

(ii.)  The  fascial  sheaths  of  the  muscles,  with  extensions 
to  the  orbital  walls  known  as  "  check  ligaments/' 

(iii.)  The  connective  tissue  supporting  the  orbital  fat. 

The  muscle  sheaths  blend  with  the  fascia  surrounding  the 
globe,  and  both  are  connected  to  the  stroma  of  the  orbital 
fat,  but  for  descriptive  purposes  the  three  parts  of  the  fascia 
are  best  considered  apart. 

(i.)  The  fascia  bulbi  (Tenon's  capsule,  Bonnet's 
capsule,  aponeurosis  orbito-ocularis,  tunica  vaginalis  oculi, 
etc.),  from  the  great  attention  that  has  been  paid  to  it 
and  the  conflicting  views  regarding  its  exact  constitution, 
deserves  a  brief  historical  note.  Mention  is  vaguely  made 
of  it  under  the  name  of  "  tunica  adnata  "  by  Galen,  Colombo, 
Casserius,  Riolon,  and  others,  but  Tenon,  of  Paris,  in  1806 
gave  the  first  good  description  of  the  structure,  which  bears 
his  name.  It  then  appears  to  have  been  forgotten  until 
about  1840,  when  Stromeyer's  discovery  of  strabotomy  raised 
the  question  of  the  more  exact  relations  of  the  muscles 
of  the  eye  and  the  orbital  fascia,  and  investigations  by 
Malaigne  again  brought  the  capsule  into  notice  under  the 
name  of  the  "  orbital  aponeurosis."  Then  Bonnet  in  1841 
pointed  out  the  surgical  importance  of  the  relation  of  its 
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posterior  part  in  connection  with  enucleation  of  the  eyeball, 
and  Ferrall  gave  a  very  clear  description  of  the  "  tunica 
vaginalis  oculi '  about  the  same  time.  Sappey  in  1867 

< 


FIG.  150. — Schematic  view  of  a  horizontal  section  through  the  Right  Orbit  to 
illustrate  the  Fascia  of  the  Orbit.  Compare  with  Fig.  155.  Fig.  67,  p.  142, 
shows  the  arrangement  in  vertical  section. 

The  fascia  bulbi  or  capsule  of  Tenon  is  shown  by  A.,  its  anterior  part,  and  P.,  its  posterior  part. 

The  fascial  sheaths  of  the  muscles  are  marked  by  S.,  and  their  offshoots  form  C.,  the  lateral, 
and  H.,  the  medial  "check  ligaments." 

The  drawing  also  illustrate?  certain  points  in  the  anatomy  of  the  eyelids,  M.T.  being  the 
medial  palpebral  ligament  with  its  two  limbs  passing  in  front  and  behind  the  fossa  for  the  lacrimal 
sac,  L.R.  being  the  lateral  palpebral  ligament,  and  R.  the  lateral  palpebral  raphe. 

first  described  the  presence  of  smooth  muscle  fibres  in  the 
check  ligaments  of  the  lateral  and  medial  recti,  and  showed 
that  these  ligaments  were  not  formed  by  the  muscles 
themselves  but  by  their  fascial  sheaths.  As  regards  later 
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accounts,  like  fascial  dispositions  elsewhere  in  the  body  such 
as  the  pelvic  fascia,  the  capsule  has  received  most  elaborate 
attention,  and  is  still  to  this  date  the  subject  of  reinvestiga- 
tion  and  laboured  description.  Dwight,  indeed,  remarks 
that  "  the  complications  of  this  membrane  are  limited  only 
by  the  perverted  ingenuity  of  those  who  describe  it." 
Motais,  for  example,  devotes  nearly  fifty  pages  to  its  descrip- 
tion in  Poirier's  Anatomy,  and  deals  with  it  from  the  stand- 
point of  comparative  anatomy  in  his  book  on  the  motor 
apparatus  of  the  eye  (1887)  ;  his  method  of  demonstrating 
sheets  of  fascia  by  pressing  the  connective  tissue  between 
sheets  of  hot  blotting-paper  to  absorb  the  fat  within  its 
meshes  appears  liable  to  form  artificial  conceptions  of  its 
disposition.  Schwalbe  (1887),  Lockwood  (1886),  Howe 
(1907),  Lewitsky  (1910),  Gallemaerts  (1899),  Virchow  (1902), 
and  Charpy  (1910),  the  latter  of  whom  has  studied  the  effects 
and  extent  of  experimental  chemosis  by  gelatine  injections 
into  the  capsule  and  beneath  the  bulbar  conjunctiva,  have 
also  written  papers  on  it.  Hesser  (1913)  has  compiled  what 
is  practically  a  monograph  upon  the  subject ;  the  latest 
description  is  by  Sutton  (1920),  who  has,  however,  little  to 
add  to  previous  descriptions. 

The  writer  has  studied  the  capsule  and  muscle  sheaths 
not  only  by  repeated  dissections  of  material  preserved  in  the 
usual  way,  but  by  examining  practically  fresh  preparations 
in  the  post-mortem  room,  and  feels  convinced  that  connective 
tissue  strands,  hardened  by  alcohol  or  formalin  and  isolated 
by  dissection  from  fat  and  neighbouring  structures,  assume 
in  many  regions  an  unwarrantable  distinction  as  membranes, 
ligaments,  or  capsules.  It  should  be  realised  that  the  fascia 
of  a  muscle  is  the  remains  of  a  mesoblastic  tissue  mass 
undifferentiated  into  muscle  fibre  ;  also  that  if  a  firm  body 
such  as  the  eyeball  revolves  against  a  cushion  of  fatty  tissue, 
the  fat  will  be  pressed  away  and  the  connective  tissue 
mesh-work  supporting  it  condensed  into  a  membrane-like 
surface.  Such  appears  to  be  the  case  in  the  formation  of 
the  capsule  of  Tenon  :  the  surface  applied  to  the  globe  is 
shown  definitely  membranous  after  enucleation  of  the  latter 
(hence  meriting  the  term  capsule,  which  for  clearness  of 
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description  will  be  used  in  this  section),  but  the  posterior 
surface  is  connected  with  the  mesh-work  of  the  orbital  fat, 
and  the  most  careful  dissection  from  this  aspect  leaves  it 
ragged  and  perforate. 

The  following  account  of  the  capsule  is  such  as  is  demon- 
strable by  ordinary  dissection. 

The  capsule  of  Tenon  is  a  thin  envelope  of  connective 
and  elastic  tissue  completely  surrounding  the  eyeball  from 
the  circumference  of  the  cornea  in  front  to  the  entrance  of 
the  optic  nerve  behind  ;  it  is  so  closely  applied  to  the  globe 
that  in  sections  of  the  orbital  contents  it  is  not  readily 
identified,  but  by  pulling  the  structures  apart  posteriorly 
a  space  between  it  and  the  globe,  the  '  episcleral  space  ' 
or  spatium  interfaciale,  can  be  formed.  Careful  scrutiny 
will  show,  however,  that  the  interval  is  really  occupied  by 
a  felting  of  extremely  fine  connective  tissue,  the  tissue  of 
Tenon,  episcleral  tissue  or  tunica  adventitia,  comparable 
to  the  arachnoidea  of  the  brain,  though  finer  and  denser. 
There  is  no  sign  of  an  endothelial  lining,  and  the  second  or 
visceral  layer  of  the  capsule,  as  sometimes  described 
(Schwalbe,  Parsons),  is  merely  that  part  of  the  adventitia 
which  remains  adherent  to  the  sclera  after  separation  of  the 
capsule  (Fig.  154)  ;  the  space,  according  to  Charpy  and 
Hesser,  is  neither  a  true  serous  nor  a  formed  lymph  cavity, 
as  described  by  some  authors  (Schwalbe)  ;  Leber  (1876) 
also  denies  that  it  communicates  with  the  perichorioidal 
space  of  the  eyeball  or  contains  lymph.  The  eyeball  can 
move  within  the  capsule,  the  adventitia  being  lax  enough 
to  allow  of  slight  excursions,  but  in  wider  movements  both 
globe  and  capsule  move  together  as  a  whole  upon  the  bed 
of  orbital  fat  which  is  loosely  connected  to  the  capsule 
behind.  It  is  obviously  impossible  for  the  eyeball  to  rotate 
freely  within  a  socket  that  is  fixed  to  and  terminates  at  the 
circumference  of  its  anterior  sixth,  that  is,  the  cornea,  as 
well  as  attached  to  the  muscles  at  their  points  of  entrance. 

Since  the  capsule  envelops  the  globe  from  the  cornea 
in  front  to  the  optic  nerve  behind,  it  follows  that  it  is  pierced 
by  all  the  structures  which  are  attached  to  the  eyeball, 
namely,  the  ocular  muscles,  the  venae  vorticosae,  and  the 
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ciliary  arteries  and  nerves.  The  recti  muscles  enter  the 
capsule  in  front  of  the  equator  of  the  globe  and  serve  to 
demark  a  smaller  anterior  from  a  larger  posterior  part. 
The  anterior  part  of  the  capsule,  in  extent  about  one-third 
of  the  whole  and  lying  in  front  of  the  muscle  attachments, 
is  thinner  and  more  closely  applied  to  the  globe,  being  fused 


FIG.  151. — Left  Eyeball  seen  from  behind.      The  four  recti  have  been  spread  out  tc 
show  the  continuity  of  their  fascial  sheaths  with  the  fascia  bulbi,  or  capsule  of 
Tenon,  which  has  been  cut  away  on  the  left  side  to  expose  the  medial  rectus. 
Such  a  hardened  and  dissected-out  preparation  conveys  an  exaggerated  idea  of 
the  density  of  the  capsule.      Natural  size. 

to  the  sclera  for  i  to  2  mm.  wide  of  the  corneal  margin 
(Fig.  97,  p.  194)  ;  on  its  external  face  lies  the  bulbar  con- 
junctiva, and  the  two  membranes  are  raised  together  in 
exposing  the  tendons  of  insertions  of  the  recti,  as  is  well 
illustrated  in  Fig.  142,  p.  265 ;  the  episcleral  space  here  is  ex- 
tremely narrow  and  the  intervening  tissue  greatly  reduced. 
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The  posterior  part  of  the  capsule  is  thicker  and  more 
yellow  than  the  anterior,  save  just  round  the  attachment 
of  the  optic  nerve  to  the  globe  ;  here  it  is  so  broken  up  by 
the  entrance  of  the  posterior  ciliary  arteries  and  nerves 
that  it  is  difficult  to  define,  so  much  so  that  Merkel  considers 
it  to  cease  altogether  a  few  millimetres  from  this  point ; 
in  any  case  it  is  quite  clear,  as  both  Merkel  and 
Virchow  point  out,  that  there  is  no  continuation  of  the 
membrane  backwards  along  the  optic  nerve  to  the  apex 
of  the  orbit  to  form  a  so-called  and  often  figured  "  supra- 
vaginal  space  '  around  it 
and  continuous  with  the 
episcleral  space  (Schwalbe, 
Piersol)  ;  the  optic  nerve 
in  its  movements  occa- 
sioned by  the  excursions 
of  the  globe  has  naturally 
formed  a  closer  packing  of 
the  surrounding  orbital  fat. 

The  practical  import- 
ance of  the  capsule  lies  in 
the  fact  that  it  forms  a 
barrier  between  the  globe 

and    the   Other  Contents  Of      FIG.  152.— The  Left  Eye-Socket.     The  eye- 

the    Orbit,     and    after    enU-  Ms  have  been  crucially  incised  and  pulled 

.  aside  and  the  eyeball  removed  to  show 

cleation  of   the  eyeball  it         the  fascia  bum  or  capsule  of  Tenon 

forms      a      SOCket      for      an  forming  a  barrier  to  the  orbital  contents 

behind  it.      Natural  size. 

artificial  eye,  as  is  shown 

in   Fig.    152,   where   the   slit-like   openings   of   the   muscle 

sheaths  into  the  capsule  are  seen,  and  also  in  Fig.  154. 

(ii.)  The  muscle  sheaths  (fasciae  muscular  es)  are  so  thin 
and  transparent  in  their  posterior  third  (and  in  the  case  of  the 
fleshy  part  of  the  superior  oblique  in  the  whole  extent)  that 
they  are  practically  invisible  ;  traced  forwards,  however, 
they  become  thick  and  opaque,  and  at  the  points  where 
the  muscles  pierce  the  capsule  of  Tenon,  they  blend  and  be- 
come directly  continuous  with  the  latter.  So  uniform  is  the 
connection  that  some  authors  consider  the  sheaths  to  be 
formed  by  backward  dive.rticula  from  the  capsule  (Testut, 
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Charpy,  Virchow),  and  on  the  other  hand  the  posterior  part 

of    the    capsule    has 
CAP.  (ANTEOIOR)  been    considered    to 

be  formed  by  the 
fusion  of  backward 
extensions  of  the 
sheaths  (Motais)  ;  it 
is  much  clearer  to 
describe,  as  Hesser 
does,  the  sheaths  and 
their  offshoots  as 
separate  formations 

FIG.    153.— Diagram    to    show   the  fascia  bulbi   or    which    fuse   with    the 
capsule  of  Tenon  after  excision  of  the  Eyeball.     rariQ11lp     wV,pn 
The  cut  margins  of  the  conjunctiva  at  A  A  heal 

and  complete  the  posterior  wall  of  the  new  socket    COme       into       Contact 
which  will  carry  the  artificial  eye;  the  recti  muscles, 
by  their  connection  with  the  anterior  part  of  the 

capsule  which  is  blended  with  the  bulbar  con-    this    Union    with    the 
junctiva,  retain  an  attachment  to  the  new  socket.  -i 

(From  Fisher,  1904.)  CapSlUC, 

margins      of      the 

sheaths  are  continuous  with  one  another,  with  a  wide 
sweep  between  them 
when  laid  out  as  in  Fig. 
151,  but  in  the  natural 
position  forming  a  back- 
wardly  directed  "  inter- 
muscular  membrane," 
which  is  especially  well 
marked  between  the 
superior  and  lateral  recti, 
where  it  passes  beneath 
the  lacrimal  gland  ;  the 
backward  extension  of 
the  membrane  is  greatly 
exaggerated  in  many 
illustrations  (e.g.  those  of 
Motais),  and  practically 
exists  only  a  short  dis- 
tance behind  the  globe. 

Where  the  sheath  is  reflected  backwards  on  the  inner  or 


FIG.  154. — Dissection  of  Eyeball  to  show  the 
Muscles  entering  the  fascia  bulbi  or  capsule 
of  Tenon,  and  the  episcleral  tissue  adherent 
to  the  sclera.  The  eyelids  were  first  cut  and 
turned  down,  then  the  bulbar  conjunctiva 
and  anterior  part  of  the  capsule  cut  round 
the  cornea  and  reflected  from  the  forepart 
of  the  globe.  Natural  size. 
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ocular  surface  of  a  recti  muscle  to  become  continuous  with 
the  posterior  part  of  the  capsule  it  is  thick  and  naturally 
forms  a  lip,  but  is  not  expressly  developed  into  an  "  intra- 
capsular  ligament  '  (Lockwood)  or  a  "  falciform  fold ' 
(Charpy),  and  the  appearance  of  such  a  thickening  shown 
in  Fig.  154  is  caused  by  a  gathering  together  or  rucking  of 
the  fascia,  and  disappears  when  the  muscle  sheath  is  out- 
stretched. Nor  does  there  appear  to  be  specially  developed 
any  '  pulley  bar  '  (Fisher,  1904)  at  this  point,  over  which 
the  muscle  tendon  turns  ;  the  muscle  makes  no  angle  at 
the  beginning  of  its  arc  of  contact  with  the  globe  such  as 
would  require  such  a  contrivance,  and  the  idea  that  there 
are  so  formed  slings  connected  through  the  medium  of  the 
external  part  of  the  sheath  or  capsule  with  the  orbital  wall 
to  prevent  muscle  pressure  on  the  globe  is  also  erroneous. 
The  muscles  are  firmly  connected  with  the  margins  of  the 
openings  through  which  they  enter  the  capsule  ;  moreover, 
their  sheaths  are  adherent  to  their  muscle  bellies  along  the 
whole  extent,  a  fact  of  considerable  importance,  since  the 
attachment  prevents  their  extensive  retraction  after  sever- 
ance in  enucleation  of  the  globe  (Fig.  153). 

The  muscle  sheaths  give  offshoots  from  their  external] 
surfaces  to  the  orbital  walls,  known  as  "  check  ligaments," 
Fascienzipfel,  or  ailerons  ;  they  are  best  developed  in  the 
case  of  the  medial  and  lateral  recti  (muscles  whose  excur- 
sions are  greater  and  more~exercised  than  are  those  of  the 
others),  and  are  therefore  most  clearly  observed  in  hori- 
zontal sections  through  the  orbit  (Figs.  150,  155).  That 
part  of  the  sheath  which  clothes  the  lateral  rectus  on 
its  external  aspect  becomes  greatly  thickened  anteriorly 
and  divides  into  two  lamellae  ;  one,  the  outer  and  larger, 
radiates  forwards  and  laterally  as  a  fairly  dense  triangular 
mass  of  tissue  as  broad  as  its  muscle,  and  is  mainly  in- 
serted into  the  periosteum  over  the  zygomatic  tubercle, 
just  within  the  mid-point  of  the  lateral  orbital  margin, 
but  is  also  attached  to  the  hinder  face  of  the  lateral 
palpebral  ligament,  which  is  attached  to  the  same  tubercle 
and  to  the  lateral  conjunct! val  fornix  ;  this  mass  is  the 
'  check  ligament  "  or  lacertm  of  the  lateral  rectus.  The 
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inner  lamella  is  thinner,  and  closely  follows  the  tendon 
of  the  muscle  forwards  ;  it  unites  with  the  corresponding 
continuations  of  the  other  recti  to  form  the  anterior  part 
of  the  capsule  of  Tenon,  lying  beneath  the  bulbar  con- 
junctiva and  extending  up  to  the  sclero-corneal  junction. 
The  check  ligament  of  the  medial  rectus  presents  a  similar 
formation,  its  anterior  fixation  being  to  the  lacrimal  bone 


FIG.  155. —  Horizontal  section  through  Right  Orbit  seen  from  above,  ;o  show  tht 
fascial  sheaths  of  the  medial  (4)  and  lateral  (5)  recti  with  their  expansions 
which  form  the  "  check  ligaments."  2  is  placed  on  the  optic  nerve,  which 
been  cut  and  turned  aside  to  show  3,  the  inferior  rectus,  which  in  this 
instance  presents  a  large  abnormal  bundle  faintly  marked  6  on  its  lateral  aspect 
(see  p.  284).  Natural  size.  Compare  with  Fig.  150. 

just  behind  the  posterior  crest,  to  the  septum  orbit  ah 
behind  the  pars  lacrimalis  muscle,  and  to  the  caruncle  an< 
medial  fornix.  Ledouble  states  that  it  is  not  rare  to  fin< 
in  man  a  muscle  fasciculus  in  either  of  these  expansions, 
presumably  an  offshoot  from  the  muscle  itself,  but  Sappey 
first  described  smooth  or  involuntary  muscle  fibres  in  them, 
the  presence  of  which  has  been  verified  by  later  authors 
(Motais,  Groyer,  Hesser).  That  these  expansions  do  act 
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as  check  ligaments  to  over-contraction  of  the  muscles,  can 
readily  be  verified  by  cutting  one  of  them  and  noting  the 
greatly  increased  range  of  excursion  of  the  globe  on  pulling 
the  appropriate  muscle  ;  their  attachments  to  the  commis- 
sures explain  the  recession  of  the  parts  to  be  noticed  on  strong 
movements  of  the  eyeball  in  the  one  direction  or  the  other. 
The  checking  of  the  action  of  the  superior  or  inferior  rectus 
is  not  so  apparent.  The  sheath  of  the  former  blends  with 
that  of  the  overlying  levator  palpebrae  superioris,  and  the 
fixed  mass  between  them  is  attached  to  the  back  of  the 
superior  conjunctival  fornix  ;  the  two  muscles  act  harmoni- 
ously, and  the  superior  rectus  may  be  limited  in  range  by 
the  same  fascial  mechanism  as  has  been  described  for  the 
levator  on  p.  143.  The  fascial  sheath  of  the  reflected  tendon 
of  the  superior  oblique  clothes  it  as  far  as,  and  is  attached 
to,  the  pulley.  A  definite  check  ligament  is  described  by 
Motais,  Charpy,  and  Maddox  for  the  inferior  oblique,  in  the 
form  of  a  fascial  strand  passing  laterally  and  backwards 
from  its  sheath  to  the  floor  of  the  orbit,  and  called  the 
'  septal  bridge  '  of  the  lower  eyelid  by  Virchow ;  an 
example  is  seen  in  Fig.  54,  p.  123,  but  it  may  be  pointed  out 
that  this  is  the  only  instance  the  writer  has  found  of  a  strand 
which  could  reasonably  possess  any  such  action.  Distal  to 
the  point  where  the  inferior  oblique  crosses  the  inferior 
rectus,  their  blended  sheaths  send  forwards  thin  lamellae, 
one  of  which  follows  the  tendon  of  the  latter  muscle  to  help 
form  the  anterior  part  of  the  capsule  of  Tenon,  whilst  the 
other  can  with  difficulty  be  traced  into  the  lower  eyelid, 
as  shown  in  Fig.  67,  p.  142. 

These  expansions  of  the  sheaths  draw  the  fornices  of  the 
conjunctiva  backwards,  but  a  more  important  function  is 
that  by  their  fixation  to  the  orbital  walls  they  anchor  the 
whole  fascial  apparatus  of  the  globe  in  position.  In  this 
respect  special  note  is  to  be  made  of  the  sheath  of  the 
inferior  rectus  which  is  thickened  on  the  lower  aspect  and 
blended  with  the  sheath  of  the  inferior  oblique.  As  pre- 
viously noted,  the  sheaths  of  the  muscles  become  confluent 
with  each  other  by  their  adjacent  margins  immediately 
prior  to  the  fusion  with  the  capsule  ;  the  sheath  of  the 
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inferior  rectus  is  no  exception  to  the  rule,  and  the  thicken- 
ing of  its  sheath  can  be  traced  laterally  and  medially  up  to 
the  sheaths  of  the  lateral  and  medial  recti,  and,  since 
these  are  fixed  to  the  orbital  walls  by  expansions,  there  is 
formed  a  continuous  band  about  one-tenth  of  an  inch  thick 
beneath  the  globe,  supporting  it  as  in  a  hammock.  The 
band  was  first  described  by  Lockwood  (1886)  and  named 
the  ligamentum  suspensorium  oculi ;  it  is  well  displayed 
in  Figs.  55,  67  and  170  ;  and  its  function  as  a  suspensory 
ligament  to  the  globe  is  manifest  after  operations  in  which 
the  maxilla  is  removed  for  disease,  since  it  then  prevents 
the  eyeball  from  sinking  down.  It  may  be  added  that  the 
medial  and  lateral  check  ligaments,  blended  with  the 
extremities  of  the  suspensory  ligament,  meet  the  horns  of 
the  aponeurosis  of  the  levator  and  are  attached  to  the 
orbital  margin  at  the  same  mid-points,  and  the  conjoint 
masses  of  tissue  so  formed  have  been  named  the  retina- 
culum  oculi  later  ale  and  mediale  respectively  (Fig.  55, 
P.  124).  :. 

A  final  point  of  interest  in  regard  to  the  capsule  lies  in 
the  fact  that  there  is  found  in  close  relation  to  it  a  scattered 
and  ill-defined  area  of  smooth  muscle  fibres.  Hesser  (1913) 
has  recently  investigated  this  peri-bulbar  musculature  in 
the  foetus  and  the  adult  by  means  of  serial  microscopical 
sections,  and  finds  it  to  extend  round  the  anterior  half 
of  the  globe  in  a  nearly  continuous  but  very  thin  layer, 
from  3  to  7  mm.  wide  in  antero-posterior  extent,  but  broken 
on  the  lateral  side,  and  he  terms  the  whole  the  musculus 
capsulo-palpebralis.  Anteriorly  it  extends  into  the  eyelids, 
constituting  the  palpebral  involuntary  muscles  (of  Miiller), 
and  designated  by  Hesser  pars  superior  and  pars  inferior 
respectively  ;  these  are  the  only  parts  of  the  musculature 
which  form  definite  isolated  lamellae,  the  pars  medialis 
being  an  extension  of  the  latter  (Fig.  156).  Posteriorly, 
behind  the  conjunctival  fornix,  it  is  quite  indefinite.  The 
whole  sheet,  which  is  innervated  by  the  sympathetic 
system,  is  of  interest  in  that  its  contraction  was  considered 
by  Landstrom  (1908)  to  be  the  cause  of  the  exophthalmos 
of  goitre  (see  p.  84).  Groyer's  morphological  derivation 
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of  this  involuntary  musculature,  as  given  above  on  p.  140 
in  connection  with  the  levator  palpebrae  superioris,  should 
be  referred  to. 

(iii.)  The  orbital  fat  (corpus  adiposum  orbitae,  capsula 
adiposa  bulbi),  which  in  life  is  no  doubt  semi-fluid,  compactly 
fills  all  the  space  not  occupied  by  the  other  structures,  as 
is  seen  in  Fig.  130  ;  in  formalin  hardened  specimens,  indeed, 
it  forms  so  firm  a  mass  that  excellent  sections  of  the  orbital 
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FIG.  156. — Diagram  showing  the  position  of  smooth  Muscle  Fibres  in  the  Fascia 
round  the  eyeball  of  an  adult  man,  as  described  by  Hesser  (1913)  and  called 
by  him  the  musculus  capsulo-palpebralis.  (From  Hesser's  figure,  reproduced  by 
Rousseau,  1916.) 

contents  can  be  cut  with  a  razor  by  hand,  as  shown  by  Fig. 
X85,  p.  366.  It  varies  in  consistency  in  different  regions. 
Within  the  cone  of  muscles  at  the  back  of  the  globe  and 
along  its  whole  extent  round  the  optic  nerve  (central  part 
of  the  orbital  fat)  it  appears  as  large  and  loosely  connected 
lobules  which  can  easily  and  cleanly  be  picked  away  with 
the  forceps  in  dissections  of  the  orbit ;  between  them  the 
ciliary  nerves  and  arteries  make  their  way  forwards,  and 
it  is  by  the  passage  of  these  structures  that  the  fat  is  broken 
up  ;  the  inter-lobular  tissue  is  loose  and  can  be  made 
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oedematous  by  artificial  injections,  and  it  is  along  these 
channels  that  blood  extravasated  in  fractures  reaches 
the  deeper  parts  of  the  orbit  ;  Birch-Hirschfeld  (1909) 
thought  that  the  spaces  between  the  lobules  represented  the 
unknown  orbital  lymph  channels.  Outside  the  cone  of 
muscles,  especially  beneath  the  globe,  behind  the  lacrimal 
gland,  and  even  between  the  muscles  anteriorly,  the  fat  is 
collected  in  larger  and  firmer  masses,  which  are  much  more 
difficult  to  remove  owing  to  the  quantity  of  connective 
tissue  they  contain  and  their  close  connection  thereby  with 
the  muscle  sheaths  ;  in  this  region  it  may  be  distinguished 
as  the  peripheral  part  of  the  orbital  fat. 

As  regards  the  relations  of  the  capsule  and  orbital  fat 
to  the  conjunctiva  and  eyelids,  it  is  first  to  be  noted  that  if 
the  eyelids,  including  the  septum  orbitale,  be  completely 
dissected  away  from  the  front  of  the  orbit,  the  capsule  and 
muscle  sheath  expansions  form  an  interrupted  barrier  to 
the  orbital  fat  between  the  globe  and  the  walls  of  the  orbit  ; 
the  gaps  through  which  the  fat  is  visible  are  called  the 
"  orifices  adipeux  "  of  the  base  of  the  orbit  by  Charpy  (1908), 
and  are  shown  in  Fig.  55,  p.  124  ;  it  is  through  one  such 
orifice  that  the  lobule  of  fat  ("  palpebral  hernia  ")  illustrated 
in  Fig.  49,  p.  115,  protrudes. 

Charpy  (1911)  further  studied  the  relations  between  the 
eyelids  and  the  orbit  by  the  injection  of  coloured  gelatine 
between  various  muscle  and  fascial  planes  in  the  orbit,  and 
his  results  may  be  summarised  as  follows  : 

(i.)  Injections  within  the  capsule  of  Tenon  can  distend 
and  are  confined  to  the  whole  episcleral  space,  from  the 
corneal  margin  to  the  optic  nerve,  as  shown  in  Fig.  157  ; 
they  produce  anteriorly  a  regularly  disposed  tumefaction 
round  and  limited  by  the  cornea,  and  lying  beneath  the 
bulbar  conjunctiva  and  the  anterior  part  of  the  capsule. 

(ii.)  Injections  into  the  central  part  of  the  orbital  fat 
form  a  retro-ocular  mass,  which  is  confined  anteriorly  within 
the  muscle  cone  by  the  conjoint  anterior  edges  of  the  sheaths, 
the  so-called  intermuscular  membrane,  but  in  the  posterior 
half  of  the  orbit  extends  between  the  muscles  into  the 
peripheral  region  ;  there  is  no  communication  with  the 
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eyelids,  since  the  injection  is  blocked  by  the  globe  and  the 
muscle  cone  in  front  ;  hence  moderate  invasions  of  fluid 
into  the  central  region  neither  invade  the  conjunctiva  nor 
reach  the  lids,  but  produce  an  exophthalmos  and  immobility 
of  the  globe. 

(iii.)  Injections  into  the  peripheral  part  of  the  orbital 
fat,  outside  the  cone  of  muscles,  are  chiefly  confined  to  the 
lower  part  of  the  orbit,  and  lie  between  the  orbital  fat  and 
the  periosteum  lining  the  orbital  walls.  They  can  reach  both 
the  conjunctiva  at  the  fornices  and  the  eyelids  behind  the 
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FiG.  157. — Diagram  of  a  sagittal  section  through  the  Eyeball,  illustrating  the  con- 
finements of  various  injection  masses,  as  made  by  Charpy  (1910). 

septum  orbitale  by  passing  through  any  of  the  '  adipose 
orifices  '  left  between  the  attachment  of  the  fascial  sheaths 
of  the  muscles  to  the  orbital  walls,  and  this  is  the  ordinary 
path  along  which  fluids  pass  from  the  depths  of  the  orbit 
to  the  eyelids.  They  may  further  transude  through  the 
venous  or  vascular  apertures  in  the  septum  orbitale  or 
through  that  membrane  itself,  and  so  reach  the  superficial 
parts  of  the  lids,  but  Heerfordt  (1904)  has  shown  that  the 
septum  will  stand  a  pressure  of  at  least  from  40  to  50  mm.  of 
mercury  before  allowing  an  intra-orbital  injection  to  pass  into 
the  eyelids.  The  limits  of  injection  masses  in  the  super- 
ficial parts  of  the  eyelids  have  been  described  above  on 
P-  I37-  (See  also  p.  40.) 
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Finally,  sub-periosteal  injections  beneath  the  periorbita 
easily  strip  it  off  from  the  orbital  walls  and  are  confined  to 
the  space  so  formed,  being  arrested  at  the  margin  ;  they 
may  rupture  the  membrane,  especially  if  beneath  the  roof, 
and  then  behave  like  an  invasion  of  the  peripheral  orbital 
fat. 

Pathological  observations  support  the  results  of  such 
experimental  injections  (Friedberg,  Magron,  Girard,  Konig- 
stein,  Richet,  Birch-Hirschfeld,  etc.),  and  emphysemata, 
abscesses,  and  haemorrhage  have  been  shown  to  follow  the 
paths  outlined  above  ;  the  orbital  course  of  haemorrhage 
in  fractures  of  the  base  of  the  skull  is  determined  by  the 
same  structures  in  reaching  the  eyelids  (Liebrecht,  1906). 

4.  The  Vessels  of  the  Orbit. --The  arteries  supply- 
ing blood  to  the  orbital  contents  are  chiefly  the  ophthalmic, 
with  minor  additions  from  the  infra-orbital  and  middle 
meningeal  branches  of  the  internal  maxillary. 

The  ophthalmic  artery  (arteria  ophthalmica)  arises  from 
the  internal  carotid,  being  the  last  branch  given  off  before 
it  divides  into  its  terminal  branches,  the  anterior  and  middle 
cerebral  arteries  ;  it  usually  springs  from  the  medial  side  of 
the  fourth  part  of  this  vessel's  course  just  as  it  ascends 
out  of  the  cavernous  sinus,  and  pierces  the  dura  between 
the  anterior  clinoid  process  and  the  body  of  the  sphenoidal 
bone,  though  sometimes  it  arises  just  within  the  sinus. 
The  artery  leaves  the  cranial  cavity  through  the  optic  canal, 
embedded  in  the  dural  sheath  of  the  optic  nerve  below  and 
to  its  lateral  side.  Having  entered  the  orbit,  it  pierces  the 
nerve  sheath,  and  lies  at  first  within  the  apex  of  the  cone 
of  recti  muscles,  between  the  optic  nerve  on  the  one  side, 
and  the  ciliary  ganglion,  third,  fifth,  and  sixth  nerves,  and 
lateral  rectus  muscle  on  the  other  (Fig.  141)  ;  it  ascends  and 
winds  round  the  nerve,  usually  passing  over  it  about  half- 
way along  its  course  beneath  the  superior  rectus,  and  in 
company  with  the  naso-ciliary  nerve  (Fig.  184)  ;  it  then 
runs  forward  in  a  sinuous  course  towards  the  medial  orbital 
wall  between  the  superior  oblique  and  medial  rectus,  and 
at  the  medial  angle  of  the  upper  eyelid  terminates  by 
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dividing  into  its  terminal  branches,  the  frontal  and  dorsal 
nasal  arteries.  These  pierce  the  septum  orbitale,  and  the 
latter  vessel,  passing  between  the  trochlea  and  the  medial 
palpebral  ligament  along  with  the  infra-trochlear  nerve, 
becomes  directly  continuous  with  the  angular  part  of  the 
facial  artery  (Fig.  85,  p.  168). 

As  regards  the  origin  of  the  vessel,  the  writer  has  often 
observed  a  marked  reduction  in  the  calibre  of  the  internal 
carotid  artery  just  after  it  has  given  off  the  ophthalmic 
branch,  a  narrowing  out  of  proportion  to  the  consequent 
diminution  of  its  blood-stream  as  judged  by  measurement  of 
cross-sections  of  the  vessels  (see  Fig.  164,  p.  317)  ;  on  an 
average  of  ten  specimens,  the  diameter  of  the  internal  carotid 
on  entering  the  cavernous  sinus  was  5-4  mm.  (cross-section 
area  =  22-89  sq.  mm.),  but  at  a  point  5  mm.  distal  to  the 
origin  of  the  ophthalmic,  the  width  was  3-8  mm.  (area  = 
11-33  sq.  mm.),  the  corresponding  dimension  of  the  ophthal- 
mic artery  being  1-5  mm.  (area=  2-009  sq.  mm.).  This 
conformation  may  be  related  to  the  intra-cranial  blood- 
pressure,  or  be  a  means  of  reducing  the  shock  of  arterial 
pulsations  to  the  brain  (in  conjunction  with  the  curved 
course  of  the  vessel  as  it  traverses  the  carotid  canal  and 
cavernous  sinus,  a  similar  bending  being  found  in  the  case 
of  the  vertebral  arteries  before  they  enter  the  cranial  cavity), 
but  it  is  also  of  interest  to  speculate  whether  the  reduction 
in  calibre  of  the  main  vessel,  by  forming  a  slight  damming 
up  of  the  blood-stream,  does  not  favour  the  passage  of  the 
side  current  down  this  important  ophthalmic  branch.  In 
connection  with  this  suggestion  it  is  to  be  noted  that  the 
branch  not  only  comes  off  the  main  stem  at  right  angles, 
but  at  once  bends  downwards  to  lie  almost  parallel  with 
the  latter  at  the  commencement  of  its  course,  and  it  is  not 
unreasonable  to  imagine  that  in  such  case  the  main  stream 
would  tend  to  draw  blood  out  of  the  side  branch  rather  than 
to  guide  fluid  into  it  (analogous  to  the  action  of  a  spray 
producer,  wherewith  the  air  is  blown  across  the  end  of  the 
fluid-containing  tube),  were  there  not  some  such  provision 
as  apparently  exists  here. 

The  exact  relation  of  the  ophthalmic  artery  to  the  optic 
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nerve  in  the  intra-cranial  part  of  its  course  appears  subject 
to  slight  variation,  the  vessel  lying  more  to  the  medial  or 
lateral  underside  of  the  nerve  according  as  it  arises  nearer  or 
farther  away  from  the  optic  foramen  (Fawcett,  1896). 

The  branches  of  the  ophthalmic  artery  are  small  but 
very  numerous,  and,  like  the  parent  stem,  are  characterised 
by  a  tortuosity  of  course  ;  many  anastomoses  are  formed 
with  neighbouring  extra-orbital  vessels,  though  not  as  freely 
as  is  the  case  of  the  ophthalmic  veins.  They  may  be 

classified   in   various   ways, 
either  : 

(i.)  Into  groups  supply- 
ing the  eyeball,  the  other 
contents  of  the  orbit,  and 
extra-orbital  regions  ;  or 

(ii.)  From  their  sites  of 
origin  from  the  main  vessel 
relative  to  the  optic  nerve, 
into  groups  arising  lateral, 
superior,  and  medial  to  that 
structure,  together  with 
terminal  branches ;  or 

(iii.)  According  to  their 
sequence  of  origin. 

The  eyeball  is  supplied 
by  the  central  artery  of  the 
FIG.  158.— Diagram  of  the  Ophthalmic  retina,    two    long    posterior 

Artery    and    its    branches.       (From    ciliarv    and   SCVCn   short  an- 

Quain,  1909,  after  Meyer. )  .  . 

tenor  ciliary  arteries  ;  there 

are  groups  of  branches  to  the  muscles,  and  an  artery 
to  the  lacrimal  gland ;  and,  passing  on  to  supply  parts 
beyond  the  orbit,  are  posterior  and  anterior  ethmoidal 
arteries,  the  supra-orbital,  and  finally  the  terminal  branches, 
the  frontal,  nasal,  and  palpebral  vessels.  Relative  to  the 
optic  nerve,  there  lie  laterally  the  central  artery  of  the  retina 
and  the  lacrimal,  superiorly  the  supra-orbital,  posterior 
ciliary,  and  muscular  arteries,  medially  the  ethmoidal  and 
palpebral.  The  sequence  in  which  the  branches  arise  from 
the  parent  stem  is,  according  to  Meyer  (1887),  the  retinal 
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and  medial  posterior  ciliary,  the  lateral  ciliary,  the  lacrimal, 
the  upper  and  lateral  muscular  twigs,  the  supra-orbital  and 
posterior  ethmoidal,  the  lower  and  medial  muscular  twigs, 
the  anterior  ethmoidal,  and  the  terminal  branches. 

It  is  also  to  be  noted  (i.)  that  an  artery  lies  in  close 
relation  to  each  of  the  walls  of  the  orbit,  namely,  the  supra- 
orbital  to  the  roof,  the  lacrimal  to  the  lateral  wall,  the 
ethmoidal  vessels  and  the  terminal  part  of  the  ophthalmic 
artery  itself  to  the  forepart  of  the  medial  wall,  and  the 
infra-orbital  (a  branch  of  the  internal  maxillary)  to  the 
floor  ;  (ii.)  that  each  of  the  last-noted  main  branches  is 
accompanied  by  a  nerve  ;  and  (hi.)  that  they  anastomose 
with  vessels  outside  the  orbit.  The  various  branches  are 
now  to  be  described  in  detail. 

The  central  artery  of  the  retina  (arteria  centralis  retinae), 
the  first  to  be  given  off  from  the  parent  stem  and  the  most 
important  of  its  branches,  arises  from  the  latter  whilst  it 
still  lies  beneath  the  optic  nerve,  and  runs  forward  to  pierce 
the  nerve  sheath  some  10  to  15  mm.  behind  the  posterior 
pole  of  the  eyeball ;  the  site  of  entry  is  variously  given  as 
either  on  the  lower,  the  medial,  or  the  lateral  aspect  of  the 
nerve,  but  Deyl  (1896),  after  a  careful  examination  of  twenty- 
one  specimens,  found  the  position  in  each  case  to  be  infero- 
medial,  and  since  this  is  the  site  of  the  optic  fissure  in  the 
embryo  where  the  mesenchyma  invaginated  the  primary 
optic  vesicle  to  form  the  vitreous,  it  appears  that  the  vessel 
maintains  its  primitive  position,  and  the  supposition  that 
the  nerve  and  eyeball  have  rotated  through  an  angle  of 
90°  during  development  (Vossius,  in  Keibal  and  Mall,  1912) 
is  without  foundation.  The  artery  is  accompanied  by  a 
central  vein  and  a  sympathetic  plexus  derived  from  the 
ciliary  nerves,  the  so-called  Tiedemann's  nerve,  enveloped 
as  it  enters  the  nerve  substance  in  a  prolongation  of  the 
pial  sheath,  and  it  courses  along  the  centre  of  the  nerve  to 
supply  the  inner  layers  of  the  retina  ;  both  vessels  send 
recurrent  branches  backwards  within  the  nerve  almost  up 
to  the  optic  foramen  (Quain).  The  finer  branches  of  the 
network  into  which  it  ultimately  breaks  up  in  the  retina 
make  no  connection  with  any  other  artery  supplying  the 
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eyeball,  though  the  main  stem  of  the  vessel  may  anastomose 
with  a  short  posterior  ciliary  artery  just  after  its  entrance 
into  the  eyeball,  such  a  cilio-retinal  vessel  being  present  in 
about  17  per  cent  of  cases  (Lang  and  Barrett).  Sometimes 
the  central  artery  may  be  replaced  by  a  posterior  ciliary 
artery,  and  indeed  Meyer  (1887)  states  that  normally  it 
arises  in  common  with  the  medial  long  posterior  ciliary, 
often  within  the  sheath  of  the  nerve. 
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FIG.  159. — The  Vessels  and  Nerves  of  the  Middle  Coat  of  the  Eyeball,  to  show  the 
destination  of  the  ciliary  arteries  and  nerves.  (From  Baker,  1900,  after 
Testut. ) 

The  ciliary  arteries,  which  are  also  destined  to  supply 
the  eyeball  (chorioid  coat,  ciliary  processes,  and  iris),  are 
variable  in  number  and  origin  ;  they  are  distinguished  as 
posterior  and  anterior  groups.  The  posterior  (arteriae 
ciliares  poster  lores  longae  et  breves]  arise  from  the  ophthalmic 
artery  as  it  crosses  the  optic  nerve,  and  may  appear  as  two 
single  trunks  or  as  six  to  eight  vessels  ;  in  either  case  they 
subdivide  near  the  globe  into  fifteen  or  twenty  branches 
arranged  round  the  optic  nerve,  and  pierce  the  sclera  to 
supply  the  chorioid.  Two  of  them  are  larger  than  the 
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others,  and  under  the  name  of  long  posterior  ciliary  arteries 
enter  the  globe  one  on  either  side  of  the  optic  nerve 
(Fig.  132,  p.  255)  ;  their  ultimate  destination  is  the  ciliary 
muscle  and  the  iris,  where  they  anastomose  with  the  anterior 
ciliary  vessels  to  form  the  circulus  arteriosus  iridis.  The 
anterior  ciliary  arteries  (arteriae  ciliares  anterior es)  arise  usually 
from  the  branches  of  the  ophthalmic  artery  which  supply  the 
muscles  of  the  globe  ;  they  accompany  the  tendons  of  the 
recti  (two  to  each,  save  the  lateral  rectus  which  has  one), 
>ierce  the  sclera  just  anterior  to  the  line  of  tendon  insertion, 
md  anastomose  with  the  long  posterior  ciliary  vessels,  as 
just  noted  ;  their  main  stems  pass  onwards  toward  the 
corneal  margin  to  supply  its  periphery  and  the  adjacent 
bulbar  conjunctiva  (see  Fig.  103,  p.  200)  ;  an  anterior  ciliary 
vessel  may  arise  from  the  lacrimal  artery. 

The  lacrimal  artery  (arteria  lacrimalis)  arises  from  the 
ophthalmic  artery  on  the  lateral  side  of  the  optic  nerve,  and 
in  company  with  the  lacrimal  nerve  passes  forward  along 
the  upper  margin  of  the  lateral  rectus  muscle  through  the 
orbital  fat  to  reach  the  gland.  Early  in  its  course  it  gives 
off  a  recurrent  meningeal  branch,  which  passes  through  the 
lateral  end  or'  pierces  the  bony  margin  of  the  superior 
orbital  fissure  and  anastomoses  with  the  middle  meningeal 
artery  in  the  middle  cranial  fossa.  It  then  supplies  the 
medial  and  superior  recti  muscles,  and  sometimes  pro- 
vides an  anterior  ciliary  artery ;  it  gives  off  temporal  and 
malar  branches  which  traverse  the  zygomatic  bone  in 
company  with  the  zygomatic  nerve  and  anastomose  with 
the  anterior  deep  temporal  and  transverse  facial  arteries 
in  the  temporal  fossa.  Finally,  after  passing  outside  or 
through  the  lacrimal  gland,  which  it  supplies,  it  bifurcates 
into  the  two  lateral  palpebral  vessels  and  ends  in  the  con- 
junctiva and  skin  of  the  eyelid.  Since  it  also  anastomoses 
with  the  infra-orbital  artery,  it  forms  an  extensive  series  of 
unions  with  other  vessels. 

The  muscular  branches  (rami  musculares)  of  the  ophthal- 
mic artery  are  usually  found  as  two  main  stems,  with  a 
variable  number  of  smaller  twigs  ;  when  distinct,  one  stem 
arises  inferiorly  close  to  the  lacrimal  artery  and  supplies  the 
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inferior  and  medial  recti  and  inferior  oblique  muscles,  the 
other  stem,  the  upper,  supplies  the  superior  and  lateral 
recti,  the  levator  and  superior  oblique  muscles.  As  noted 
above,  the  muscular  arteries  provide  the  anterior  ciliary 
twigs. 

The  supra-orbital  artery  (arteria  supmorbitalis)  arises 
from  the. ophthalmic  above  the  optic  nerve,  and  runs  forwards 
at  first  medial  then  superior  to  the  levator,  and  between  it 
and  the  roof  of  the  orbit,  in  company  with  the  corresponding 
nerve  ;  it  leaves  the  orbit  through  the  supra-orbital  notch, 
and  ascends  in  the  scalp  over  the  forehead  towards  the 
vertex  of  the  skull.  Besides  supplying  the  scalp,  it  sends 
twigs  to  the  levator,  the  periorbita  of  the  orbital  roof,  the 
diploe  and  periosteum  of  the  frontal  bone,  and  the  upper 
eyelid,  and  it  anastomoses  with  the  superficial  temporal 
artery  (Fig.  85,  p.  168). 

The  ethmoidal  arteries,  two  in  number,  leave  the 
ophthalmic  as  it  passes  along  the  medial  wall  of  the  orbit 
between  the  superior  oblique  and  medial  rectus.  The 
posterior  (arteria  ethmoidalis  posterior),  smaller  and  less 
constant,  leaves  the  orbit  by  passing  through  the  foramen 
of  the  same  name  to  end  in  the  mucous  membrane  lining  the 
neighbouring  air-cells  and  upper  part  of  the  nasal  fossa, 
anastomosing  with  the  spheno-palatine  branch  of  the 
internal  maxillary.  The  anterior  (arteria  ethmoidalis  an- 
terior] is  a  constant  and  larger  vessel ;  it  leaves  the  orbit 
through  the  anterior  ethmoidal  canal  in  company  with  the 
nasal  branch  of  the  naso-ciliary  nerve  and  a  vein,  enters  the 
anterior  cranial  fossa,  crosses  the  cribriform  plate  of  the 
ethmoidal  bone,  and  enters  the  nasal  cavity  by  traversing 
a  slit  at  the  side  of  the  crista  galli ;  it  then  descends  along 
a  groove  beneath  the  nasal  bone  to  the  tip  of  the  nose.  It 
supplies  a  meningeal  branch  to  the  dura  of  the  anterior 
cranial  fossa,  twigs  to  the  anterior  ethmoidal  cells,  the 
frontal  sinus,  the  nasal  mucosa,  and  the  skin  of  the  dorsum 
of  the  nose. 

The  palpebral  branches  (arteria  palpebrales  mediates) 
arise  from  the  ophthalmic  just  below  the  trochlea  ;  one 
enters  each  eyelid  to  form  the  superior  and  inferior  tarsal 
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arcades,  which  anastomose  laterally  with  the  palpebral 
branches  of  the  lacrimal  artery  and  also  with  the  supra- 
orbital  and  infra-orbital  arteries.  The  details  of  the  palpe- 
bral distribution  are  given  above  on  p.  168. 

The  frontal  terminal  branch  of  the  ophthalmic  artery 
(arteria  frontalis)  leaves  the  orbit  by  piercing  the  septum 
orbitale  in  company  with  the  supra-trochlear  nerve,  and 
ascends  over  the  forehead  to  supply  a  small  part  of  the 
eyelids,  but  chiefly  the  mesial  region  of  the  scalp ;  it 
anastomoses  freely  with  the  supra-orbital  artery  and  with 
its  fellow  of  the  opposite  side  (Fig.  85,  p.  168). 

The  nasal  terminal  branch  (arteria  dorsalis  nasi]  is  the 
real  termination  of  the  ophthalmic  artery,  and,  as  already 
noted,  it  leaves  the  orbit  by  piercing  the  septum  orbitale 
between  the  trochlea  and  the  medial  palpebral  ligament, 
and  becomes  directly  continuous  with  the  angular  part  of 
the  facial  (external  maxillary)  artery ;  it  supplies  the 
lacrimal  sac  and  the  skin  of  the  root  of  the  nose,  and 
anastomoses  with  its  fellow  of  the  opposite  side  and  with 
the  lateral  nasal  branch  of  the  facial  artery. 

The  infra-orbital  artery  (arteria  infraorbitalis),  although 
not  a  branch  of  the  ophthalmic  but  a  terminal  part  of  the 
internal  maxillary,  itself  a  branch  of  the  external  carotid, 
deserves  notice  here  from  its  relation  to  the  floor  of  the 
orbit  beneath  the  periosteum  of  which  it  lies.  It  originates 
in  the  pterygo-palatine  fossa,  enters  the  orbit  through  the 
posterior  end  of  the  inferior  orbital  fissure,  and  runs  along 
the  infra-orbital  sulcus  and  canal  to  emerge  on  the  face  by 
the  infra-orbital  foramen  ;  in  the  sulcus  it  gives  branches 
to  the  inferior  rectus  and  inferior  oblique  muscles,  orbital 
fat,  and  lacrimal  gland,  besides  the  alveolar  branches,  and 
anteriorly  it  supplies  the  lower  eyelid  and  lacrimal  sac  (Fig. 
85,  and  see  p.  243)  ;  on  the  face  it  divides  into  palpebral, 
nasal,  and  labial  branches,  and  anastomoses  with  various 
branches  of  the  facial  artery,  with  the  transverse  facial 
branch  of  the  superficial  temporal,  and  with  the  dorsal 
nasal  branch  of  the  ophthalmic. 

The  anastomoses  which  the  ophthalmic  artery,  a  deriva- 
tion of  the  internal  carotid  artery,  forms  with  the  internal 
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maxillary  and  facial,  which  are  branches  of  the  external 
carotid,  have  been  detailed  in  the  above  description  ;  the 
chief  communications  are  the  supra-orbital  with  the  trans- 
verse facial,  the  lacrimal  with  the  middle  meningeal,  the 
nasal  with  the  angular  arteries  Variations  in  the  branches 
of  the  ophthalmic  artery  are  common.  In  15  per  cent  of 
cases  the  main  vessel  passes  beneath  instead  of  over  the 
optic  nerve  (Quain),  and  then  may  lie  entirely  to  its  medial 
side  ;  it  has  been  found  buttonholed  by  the  optic  nerve 
(Poirier).  The  lacrimal  artery  may  be  reinforced  by  the 
anterior  deep  temporal ;  its  communication  with  the  middle 
meningeal  may  be  unusually  large,  and,  indeed,  sometimes 
the  latter  vessel  provides  the  lacrimal  branch  instead  of  the 
ophthalmic;  as* a  further  development,  the  whole  of  the 
ophthalmic  arterial  system  has  been  found  in  very  rare  cases 
to  be  provided  by  the  middle  meningeal  (a  derivative  of  the 
internal  maxillary  branch  of  the  external  carotid) ,  as  in  the 
specimen  photographed  in  Fig.  178,  p.  349,  where  there  was 
no  trace  of  an  ophthalmic  artery  proper  on  either  side.  Con- 
versely, the  ophthalmic  artery  has  been  seen  to  give  off  the 
middle  meningeal  (Quain) .  The  supra-orbital  as  well  as  the 
posterior  ethmoidal  is  inconstant ;  the  latter  may  be  a  branch 
of  the  former  instead  of  coming  directly  from  the  ophthalmic. 
The  nasal  frequently  supplies  a  deficiency  of  the  upper  part 
of  the  facial  artery.  Types  of  such  abnormalities  are 
figured  in  a  paper  by  Meyer  (1887).  As  Parsons  (1903) 
states,  the  general  tendency  as  we  ascend  the  animal  scale 
is  for  the  principal  ophthalmic  artery,  which  in  the  lower 
members  is  supplied  by  the  external  carotid,  to  be  derived 
from  the  internal  carotid  ;  in  intermediate  forms  there  is 
usually  one  vessel  derived  from  each  source,  commonly 
with  an  anastomosis  between  the  two  systems ;  hence 
individual  variations  may  be  expected.  Henderson  (1903) 
has  studied  the  ophthalmic  arteries  in  the  rabbit  and  dog, 
and  both  papers  will  be  found  of  value  in  a  study  of  the 
intra-ocular  circulation.  An  account  of  the  development 
of  the  vessels  is  given  by  Dedekind  (1909). 

The  Veins. — The  blood  is  drained  from  the  orbit  by 
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three  routes  ;  firstly  and  in  greater  part,  backwards  by  the 
ophthalmic  veins  into  the  cavernous  sinus  of  the  intra- 
cranial  venous  system ;  secondly,  forwards  by  the  free 
communications  of  the  ophthalmic  veins  with  the  angular 
vein  into  the  facial  system  ;  thirdly,  and  in  least  extent, 
downwards  through  the  inferior  orbital  fissure  into  the 
pterygoid  venous  plexus. 

The  ophthalmic  veins  are  two  in  number,  the  superior 
and  inferior.  The  superior  (vena  ophthalmica  superior)  is 
the  chief  vein  of  the  orbit  ;  it  is  formed  behind  the  rnedial 
corner  of  the  upper  eyelid  by  the  union  of  two  branches  from 
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FIG.  1 60. — The  Veins  of  the  Orbit  and  their  connection  with  those  of  the  Face. 

(From  Poirier,  after  Sesemann. ) 

the  supra-orbital  and  angular  veins  of  the  face,  which  enter 
the  orbit  by  passing  through  the  septum  orbitale  respectively 
above  and  below  the  trochlea  ;  both  these  veins  are  seen  in 
Fig.  85,  p.  1 68,  and  the  communication  with  the  angular 
vein  is  particularly  well  displayed  in  Fig.  54,  p.  123. 

The  vessel  so  formed  passes  backwards  in  the  orbit, 
closely  though  not  so  tortuously  following  the  course  of  the 
ophthalmic  artery  across  the  optic  nerve  and  beneath  the 
superior  rectus  muscle,  but  having  usually  received  the 
inferior  ophthalmic  vein  it  leaves  the  orbit  by  the  superior 
orbital  fissure,  and  not  through  the  optic  foramen  ;  it  passes 
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either  above,  or  through,  or  below  the  oculomotor  foramen 
(that  is,  that  part  of  the  annulus  of  Zinn  which  embraces 
the  medial  end  of  the  fissure)  according  to  the  observations 
of  different  authors  (Fig.  161),  and  in  the  last  mentioned 
situation  may  be  compressed  by  the  orbitalis  muscle 
(Friind,  1912).  It  then  bends  acutely  downwards 
(Hesser  and  Krauss)  to  enter  the  lower  forepart  of  the 
cavernous  sinus  ;  before  its  entry  it  is  stated  to  become 

markedly  narrower  according  to 

{"""--...  some  authors  (Sesemann,  Dwight, 

''••-..     \  Festal,  Krauss,  Hesser),  as  seen 

in  Fig.  160,  but  was  found  to 
be  enlarged  at  this  point  by 
others  (Henle,  Luschka,  Sappey, 
Merkel).  In  two-thirds  of  cases 
(Gurwitsch)  it  communicates 

\       /  near  its  termination  by  means 

•• «•  j 

of  an  ophthalmo-meningeal  vein 

FIG.    161.  —  Diagram    to    show    the        •    i_       i~  -i  •        i      • 

various  positions  of  the  Superior  with  the    spheno-panetal  sinus. 
Ophthalmic  Vein  relative  to  the  it  frequently  presents  varicosities 

annulus  of  Zinn  as  it  leaves  the    .  . 

orbit  through  the  superior  orbital    in  its  general   COUrse,  the  Widest 

fissure,  as  described  by  different  dilatation  f ound  by  the  writer 

authors.      (After  Hesser,  1913.)  J 

i.  According  to  zinn,  Festal,  Merkei,  being  nearly  4  mm.  in  diameter  ; 

Krauss     considers     that    these 


3.  According  to  Frtind.    (This  is  the    Varirp«;    if  voliiminnn«;    mav  nro- 

position  of  the  inferior  ophthalmic  vein  at     VcllJ     Cb>    J  b>  Hldy  P1 

this  point  when  it  enters  the  cavernous  sinus     (JuCC    apulsathlg     eXOphthalniOS. 
separate  from   the  superior  vessel,  accord- 

ing    to    Sesemann,    Charpy,    Hesser,   and     fts      tributaries      3LTQ       from       the 
Hovelacque.) 

The  shading  below  3  indicates  the  posi-     eyeball      and     Other     Contents     of 

tion  of  the  orbitalis  muscle  of  Muller. 

the  orbit,  the  latter  correspond- 
ing mostly  to  the  arterial  vessels  ;  just  at  its  origin  it 
occasionally  receives  the  anterior  frontal  diploic  vein ; 
from  the  eyeball  it  receives  the  upper  venae  vorticosae, 
the  lower  ones  joining  the  inferior  ophthalmic  vein. 
These  veins,  usually  four  in  number  and  each  draining  a 
quadrant  of  the  chorioid  coat,  ciliary  body,  and  iris  of 
the  globe,  emerge  obliquely  after  a  passage  of  from  2  to  4 
mm.  through  the  sclera  at  nearly  equidistant  points 
relative  to  the  vertical  meridian,  though  the  lateral  ones  are 
nearer,  but  from  6  to  8  mm.  behind,  the  equator  (Figs.  132, 
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159)  ;  they  are  sometimes  thought  to  be  compressed  by  the 
muscle  tendons,  but  whilst  the  movements  of  the  recti  have 
no  action  upon  them,  the  ones  passing  beneath  the  oblique 
muscles,  that  is  the  upper  and  lower  lateral  pair,  certainly 
appear  to  lie  in  such  a  position  that  they  could  be  pressed 
upon,  especially  in  convergence.  Variations  in  number  up 
to  five  or  seven  are  not  infrequent,  generally  on  the  nasal 
side,  and  they  may  empty  into  the  veins  of  the  muscles 
(Fuchs) . 

The  vena  centralis  retinae  accompanies  the  artery  of  the 
same  name  in  its  intra-neural  course,  though,  according  to 
Hovelacque  (1920),  it  emerges  from  the  optic  nerve  on  either 
the  lateral  or  inferior  side  and  nearer  (10  mm.  from)  the 
globe  ;  it  most  frequently  opens  separately  into  the  caver- 
nous sinus,  but  sometimes  joins  the  superior  or  even  the 
inferior  ophthalmic  vein  instead,  and  it  has  always  at  least 
one  side  connection,  commonly  with  the  former  vein  (Sese- 
mann,  1869),  an  important  provision  that  ensures  an  escape 
for  the  blood  of  the  retina  in  cases  of  thrombosis  of  the 
cavernous  sinus.  The  ciliary  veins  accompany  the  corre- 
sponding arteries,  the  anterior  ones  joining  the  muscular 
veins  ;  it  is  these  anterior  ciliary  veins  which  become  en- 
gorged and  appear  as  dark  serpentine  vessels  on  the  fore 
part  of  the  sclera  in  cases  of  chronic  glaucoma,  the  intra- 
ocular pressure  occluding  the  obliquely  running  vorticose 
veins  through  which  the  bulk  of  the  blood  of  the  eye- 
ball is  normally  drained  (Fisher).  The  ethmoidal  veins, 
anterior  and  posterior,  drain  part  of  the  blood  from  the 
sphenoidal  sinus,  ethmoidal  cells  and  superior  meatus  of 
the  nose,  where  they  communicate  with  the  veins  of  that 
cavity.  The  veins  from  the  upper  and  medial  ocular  muscles 
call  for  no  special  note. 

The  lacrimal  vein  (vena  lacrimalis)  is  large  enough  to 
be  considered  as  the  third  main  vessel  of  the  orbit ;  it 
originates  in  the  lacrimal  gland,  but  receives  blood  also  from 
the  neighbouring  conjunctiva  ;  it  accompanies  the  artery 
in  its  course  backwards,  and  usually  opens  into  the 
superior  ophthalmic  vein.  Gurwitsch  found  the  lacrimal 
usually  joined  by  veins  from  the  superior  and  lateral  recti 
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and  by  a  vorticose  vein,  the  common  trunk  entering  the 
superior  ophthalmic  vein  farther  back  than  any  other  tribu- 
tary ;  in  only  10  per  cent  of  cases  did  the  vessel  enter  the 
cavernous  sinus  separately.  It  forms  anastomoses  with  the 
temporal  veins  through  the  zygomatic  canals. 

The  inferior  ophthalmic  vein  (vena  ophthalmica  inferior) 
is  the  vein  of  the  orbital  floor ;  it  originates  in  a  plexus  of 
small  vessels  in  the  orbital  fat  beneath  the  globe,  and, 
indeed,  may  exist  as  a  network  throughout  its  whole  course  ; 
it  receives  venules  from  the  lower  and  lateral  ocular  muscles, 
the  two  inferior  vorticose  veins,  and  also  helps  to  drain  the 
conjunctiva  of  the  lower  eyelid  and  the  lacrimal  sac.  It 
runs  backwards  above  the  inferior  rectus  and  either  ends 
by  joining  the  superior  ophthalmic  vein,  as  was  always  the 
case  in  Hesser's  observations,  generally  so  in  those  of 
Krauss,  and  found  in  two  out  of  three  by  Gurwitsch,  or 
enters  the  cavernous  sinus  separately  by  passing  beneath 
the  annulus  of  Zinn,  where  it  lies  in  contact  with  the 
orbitalis  muscle  (Figs.  160,  161).  Anteriorly  it  anastomoses 
with  the  (anterior)  facial  vein  by  branches  which  pass 
over  and  sometimes  groove  the  orbital  margin  ;  posteriorly 
it  always  communicates  with  the  superior  ophthalmic 
vein ;  inferiorly  it  establishes  communication  (though 
very  seldom,  according  to  Krauss)  through  the  inferior 
orbital  fissure  with  the  pterygoid  plexus,  in  which  it  may 
terminate  entirely  ;  the  connection,  sometimes  called  the 
."'"  ophthalmo-facial  vein,"  may  become  of  great  importance. 
The  pterygoid  plexus,  buried  in  the  fatty  tissue  of  the 
pterygoid  fossa,  communicates  also  with  the  cavernous  sinus, 
and  by  the  deep  facial  vein  with  the  facial  system  ;  it 
receives  blood  from  the  field  of  distribution  of  the  internal 
maxillary  artery,  and  ultimately  condenses  to  form  the 
vein  of  the  same  name  which  in  junction  with  the  superficial 
temporal  becomes  the  temporo-maxillary  vein,  a  part  origin 
of  the  external  jugular.  In  its  passage  through  the  inferior 
orbital  fissure  the  communication  between  the  inferior 
ophthalmic  vein  and  the  plexus  is  subject  to  compression 
by  the  involuntary  orbitalis  muscle,  which  fills  the  fissure, 
and  the  vein  itself  is  related  to  and  may  be  affected  by 
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contraction  of  the  same  muscle  where  it  passes  beneath  the 
annulus  of  Zinn  to  enter  the  cavernous  sinus.  By  these 
relations  Krauss  and  Friind  seek  to  account  for  the  ex- 
ophthalmos  of  Basedow's  disease,  a  point  that  has  already 
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FIG.  162. — Scheme  to  show  the  connections  of  the  Vessels  of  the  Orbit  with 
those  of  the  Face  on  the  one  hand  and  with  those  of  the  Intra-cranial  System 
on  the  other.  (The  external  jugular  vein  is  not  shown. ) 

C.^the  cavernous  sinus,  traversed  by  the  internal  carotid  artery.     L.  =the  lateral  or  trans- 
verse sinus. 

been  referred  to  on  p.  84,  but  the  free  anastomoses 
between  all  the  ophthalmic  veins,  superior  inferior,  and 
lacrimal,  and  the  absence  of  valves  in  them  would  negative 
such  an  explanation. 


314  THE  HUMAN  ORBIT  ORBIT 

The  anastomoses  of  the  orbital  system  of  veins  are  of 
the  greatest  importance  from  a  clinical  point  of  view,  and 
have  been  specially  studied  in  this  respect  by  Krauss  (1910) 
and  from  the  anatomical  point  of  view  by  Sesemann  (1869), 
Gurwitsch  (1883),  and  Festal  (1887).  They  communicate, 
as  has  been  noted  above  on  p.  166,  with  the  superficial 
veins  of  the  face,  with  the  deep  veins  (pterygoid  plexus), 
with  .the  veins  of  the  nasal  cavity,  and  with  the  intra- 
cranial  system  of  dural  sinuses.  The  superior  ophthalmic 
vein  is  the  largest  channel  in  the  adult  between  the  veins  of 
the  face  and  those  inside  the  skull. 

As  regards  the  direction  in  which  the  blood  of  the  orbit 
flows,  if,  as  is  generally  stated,  no  valves  exist  in  any  of  the 
branches  of  the  ophthalmic  veins,  the  blood  can  pass  in 
either  direction  forwards  or  backwards  and  they  form 
important  emissary  veins  connecting  the  cavernous  sinus 
with  the  facial  system  ;  Merkel,  Gurwitsch,  Dwight, 
Krauss,  and  Festal,  however,  state  that  valves  do  occur 
in  these  branches  of  junction  with  the  facial  veins  just 
outside  the  orbit,  and  so  disposed  as  to  prevent  the  flow 
of  injections  from  the  face  backwards  into  the  orbit ;  but 
these  valves,  as  others  elsewhere  in  the  body,  tend  to  become 
ineffective  in  old  age.  Probably  the  orbital  blood  passes 
both  forwards  into  the  facial  system  along  with  the  blood 
from  the  eyelids  and  backwards  into  the  cavernous  sinus, 
this  last  being  the  normal  direction  according  to  most 
authors,  a  conclusion  supported  by  clinical  and  pathological 
observations,  though  the  posture  of  the  head  may  be  a 
factor  in  determining  its  course.  But  it  is  to  be  noted  that 
the  ultimate  channel  formed  by  the  ophthalmic  vessels  on 
reaching  the  sinus  is  small  compared  with  the  size  of  the 
numerous  radicles  they  collect,  and,  moreover,  may  exhibit 
a  marked  narrowing  at  this  point ;  also  that  the  cavernous 
sinus  is  not  only  largely  occupied  by  the  internal  carotid 
artery,  but  such  space  as  is  left  is  filled  by  trabecular  tissue, 
so  that  the  blood-flow  through  it  must  be  sluggish.  On  the 
other  hand,  as  noted  on  p.  166,  the  common  appearance  of 
a  prominent  frontal  vein  during  laughter  or  coughing  when 
the  intra-cranial  pressure  is  raised  would  point  to  a  normal 
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flow  of  at  least  part  of  the  contents  of  this  vessel  into  the 
orbital  system  and  backwards  to  the  sinus.  It  seems 
reasonable  to  conclude,  therefore,  that  the  orbital  venous 
system  consists  of  a  network  of  vessels  which  can  drain 
either  forward  and  freely  into  the  facial  vein,  or  backwards 
into  the  cavernous  sinus,  or  inferiorly  and  least  freely  into 
the  pterygoid  plexus,  and  through  other  minor  channels,  the 
object  thus  attained  by  the  anastomoses  between  the  vessels 
of  the  orbital  system  itself  and  by  the  multiplicity  of  paths 
along  which  the  blood  can  drain  away  being  to  facilitate  the 
ocular  circulation. 

The  variations  and  anomalies  of  the  orbital  veins  are 
numerous,  and  some  are  of  clinical  interest.  The  inferior 
may  alone  form  the  chief  vein  of  the  orbit  and  anastomose 
with  the  angular  ;  the  superior  has  been  found  to  join  the 
middle  cerebral  (Sylvian)  vein  of  the  brain  (Hyrtl)  ;  the 
ethmoidal  veins  may  enter  the  cavernous  sinus  (Sesemann) ,  or 
communicate  through  the  lamina  cribrosa  with  the  veins  of 
the  olfactory  tract  (Zuckerkandl) .  Stanculeanu  states  that 
he  has  sought  in  vain  for  the  venule  described  by  Gaillard 
as  draining  from  the  antrum  through  the  orbital  floor  into 
the  ophthalmic  system. 

The  development  has  been  studied  by  Dedekind  (1909), 
from  whose  reconstruction  of  the  embryonic  network  in  the 
orbit  which  gives  rise  to  the  orbital  veins  it  is  not  surprising 
to  find  such  variations  and  anastomoses  as  do  occur  in  the 
adult. 

The  cavernous  sinus  (sinus  cavernosus) ,  to  which  refer- 
ence has  been  made,  here  calls  for  description  not  only  from 
its  connection  with  the  ophthalmic  veins,  but  from  the  fact 
that,  apart  from  the  optic  nerve  itself,  all  the  nerves  entering 
the  orbit  pass  either  through  or  in  close  proximity  to  it. 
It  is  generally  considered  to  be  formed,  like  the  other  intra- 
cranial  blood  sinuses,  by  a  local  separation  of  the  two 
layers  of  which  the  dura  mater  lining  of  the  cranium  is 
composed,  the  outer  endosteal  layer  closely  following  the 
contour  of  the  bone,  the  inner  meningeal  layer  forming 
the  lateral  wall  of  the  sinus,  whilst  the  space  between  them 
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is  lined  by  an  endothelium  continuous  with  that  of  the 
veins  with  which  it  communicates  ;  Ferron  (1913),  how- 
ever, has  more  particularly  studied  the  constitution  of  the 
lateral  wall  of  the  sinus,  and  considers  it  to  be  formed 
by  two  layers,  a  thin  deeper  one,  which  is  a  continuation 
and  enlargement  of  the  carotid  sheath,  and  a  thicker  super- 
ficial layer  continuous  with  the  dura  lining  the  middle 
fossa  ;  between  the  two  the  nerves  pass,  carrying  with  them 

0  sheaths  formed  by  pro- 

longations of  the  dura 
as  they  pierce  it. 

The  cavernous  sinus 
is  situated  on  the  side 
of  the  body  of  the 
sphenoidal  bone,  and  is 
therefore  related  on  the 
one  hand  to  the  air-sinus 
which  hollows  out  that 
bone  (with  the  hypo- 
physis cerebri  (pituitary 

FIG.     163._  Transverse    section    through    the    bodY)    resting    ab°V6    **, 

Cavernous  Sinus  (s.),  the  Hypophysis  as  seen  in  Fig.  163),  and 

Cerebri    or    Pituitary  Body  (H)     and    the  the  Other  to  the  middle 


cranial  fossa  (Fig.  169), 

is    lodged     tllC 


Sphenoidal  Air  Sinus  (Sp.  ).    (rrom  L,anger, 

1885.) 

C.  =  the  internal  carotid  artery  ;  o.  =  the  oculo-motor     in 
nerve;     t.  -  the    trochlear    nerve;    tr.\    and   jfr.2  =  the 
ophthalmic  and  maxillary  divisions   of  the   trigeminal     temporal       lODC       OI       tllC 
nerve  respectively  ;   and  a.  -  the  abducent  nerve.  . 

brain  ;    it  extends  from 

the  medial  and  widest  part  of  the  superior  orbital  fissure 
in  front  to  the  apex  of  the  petrous  portion  of  the 
temporal  bone  behind,  where  it  is  in  close  relation  to 
the  medial  edge  of  the  semilunar  (Gasserian)  ganglion 
of  the  fifth  nerve,  and  has  an  average  length  of  20  mm.  or 
|  inch  and  a  width  of  10  mm.  ;  it  is  wider  in  front 
than  behind,  and  narrower  below  than  above.  Its  lumen 
is  traversed  by  numerous  interlacing  trabeculae  and  loose 
fringes  of  connective  tissue  derived  from  its  walls,  so  that 
it  appears  in  section  filled  with  a  spongy  tissue,  and  it  is 
still  further  reduced  in  size  by  the  winding  passage  through 
it  of  the  internal  carotid  artery  and  abducent  nerve. 
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The  artery  enters  the  sinus  below,  on  emerging  from  the 
carotid  canal ;  it  first  ascends  towards  the  posterior  clinoid 
process,  passes  forwards  along  the  side  of  the  body  of  the 
sphenoidal  bone,  and  finally  curves  upwards  and  pierces  the 
dura  forming  the  roof  of  the  cavernous  sinus  on  the  medial 
side  of  the  anterior  clinoid  process  ;  in  this  cavernous  part 
of  its  course  it  is  surrounded  by  a  sympathetic  nerve  plexus 
and  gives  off  minute  branches  to  the  walls  of  the  sinus,  to 
the  hypophysis,  and  the  semilunar  ganglion.  The  abducent 


FIG.  164.— Dissection  of  the  Lateral  Wall  of  the  Cavernous  Sinus  and   its 

contents,  viewed  from  the  medial  or  inner  side.  The  soft  parts  were  stripped 
from  the  side  of  the  body  of  the  sphenoidal  bone  and  the  cavernous  tissue 
cleared  away,  x  i|. 

O.  =  optic  nerve;  R.  =  origin  of  the  recti  muscles;  C.  =  the  internal  carotid  artery,  giving  off 
the  ophthalmic  artery;  III.,  IV.,  V.',  V.",  V.'",  VI.=the  nerves;  G.  =  the  semilunar  ganglion; 
M.  lies  just  to  the  left  of  the  motor  root  of  V.  nerve. 

nerve  crosses  the  lateral  side  of  the  artery,  lying  free  in  the 
sinus  in  the  first  part  of  its  course  but  being  adherent  to 
the  lateral  wall  towards  its  exit  ;  in  a  minority  of  cases  it 
is  united  to  the  wall  in  its  whole  course  by  a  short  fibrous 

I'  mesentery." 

Embedded  in  the  lateral  wall  of  the  sinus  are  the  oculo- 
motor (third)  and  trochlear  (fourth)  nerves,  and  the  ophthal- 
mic and  maxillary  divisions  of  the  trigeminal  (fifth)  nerve, 
in  that  order  from  above  downwards  (Figs.  163,  164, 
170,  and  174).  Langer  (1885),  who  has  made  a  special 
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study  of  the  sinus,  distinguishes  two  parts,  a  more  reticular 
superficial  one  containing  the  third  and  fourth  nerves,  and 
a  deeper,  more  spacious  one  nearer  the  bone. 

The  cavernous  sinus  is  joined  to  its  fellow  on  the  opposite 
side  of  the  sphenoidal  bone  by  a  pair  of  transverse  inter- 
cavernous  sinuses  placed  anterior  and  posterior  to  the  sella 
turcica  ;  the  anterior  is  the  larger,  and  the  posterior  is  often 
absent  (twenty-six  times  out  of  forty-four  cases  ;  Knott, 
1882)  ;  these,  together  with  the  portions  of  the  cavernous 
sinus  between  their  ends  on  either  side,  form  a  circular  or 


FIG.  165. — Corrosion  preparation  of  the  Cavernous  Sinuses  of  a  Child.  (From 
Langer,  1885.  Note  that  the  vessels  are  represented  hollow,  which  would 
indicate  a  drawing  and  not  a  photograph  of  the  actual  injection  mass. ) 

Vo.  =  the  superior  ophthalmic  vein,  with  the  inferior  vein  below  it;  Sic.  =  the  anterior  inter- 
cavernous  sinus  ;  L.  =  the  position  of  the  hypophysis cerebri  or  pituitary  body  ;  E. ^emissary  vein 
leading  through  the  /oramen  wale  into  the  pterygoid  plexus  ;  Spi.  =  the  inferior  petrosal  sinus. 

coronary  sinus  round  the  pituitary  body,  into  which  its 
veins  pass.  Farther  back,  the  two  cavernous  sinuses  are 
connected  by  the  basilar  or  transverse  occipital  sinus  or 
plexus. 

The  tributaries  and  emissaries  of  the  cavernous  sinus 
are  numerous.  Besides  the  ophthalmic  veins,  there  enter  it 
the  spheno-parietal  sinus,  which  runs  along  the  margin 
of  the  lesser  wing  of  the  sphenoidal  bone  and  sometimes 
joins  the  superior  ophthalmic  vein,  veins  from  the  neighbour- 
ing dura,  and  some  of  the  veins  from  the  muco-periosteal 
lining  of  the  sphenoidal  air -sinus  which  have  pierced  its 
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bony  wall.  The  middle  cerebral  vein  or  vein  of  the 
Sylvian  fissure  enters  either  the  cavernous  sinus  or  its 
tributary,  the  spheno-parietal  sinus.  The  blood  is  drained 
away  posteriorly  by  the  two  petrosal  sinuses  into  which 
the  cavernous  sinus  divides  at  the  apex  of  the. petrous  bone  ; 


Spheno- 
parietal 
sinus 


Cavernous 

sinus 

Inferior 

petrosal 

sinus 

Superior 

petrosal 

sinus 

Lateral  or 
transverse 
sinus 


FIG.  166. — The  Base  of  the  Skull  viewed  from  within,  to  show  the  position  of  the 
cavernous  sinus  and  its  connections.     Compare  with  Fig.  169. 

the  superior  petrosal  sinus  is  the  smaller,  and  runs  along  the 
upper  border  of  that  bone  to  enter  the  transverse  (lateral) 
sinus,  where  it  bends  downwards  to  become  the  sigmoid 
sinus ;  the  inferior  petrosal  sinus  passes  along  the  petro- 
occipital  suture  to  the  jugular  foramen  and  enters  the 
internal  jugular  vein  ;  part  of  the  blood  also  drains  into 
basilar  sinus  and  thence  into  the  anterior  spinal  plexus 
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of  veins.  As  emissary  veins  proper  of  the  cavernous  sinus 
are  certain  small  veins  leading  from  its  lower  part ; 
they  pass  through  (i)  the  foramen  ovale,  (2)  the  foramen 
lacerum  (medium),  (3)  the  foramen  of  Vesalius  when  this  is 
present,  (4)  the  foramen  rotundum,  though  very  rarely 
(Knott),  all  passing  into  the  pterygoid  plexus ;  and  (5)  a 
venous  plexus  (carotid  plexus  or  sinus),  which  completely 
invests  the  carotid  artery  as  it  traverses  the  carotid  canal, 
and  is  prolonged  downwards  to  empty  into  the  internal 
jugular  vein. 

The  lymphatics  of  the  orbital  cavity  are  imperfectly 
known  in  man.  As  elsewhere  in  the  body,  the  system  no 
doubt  consists  of  spaces  which  are  peri-vascular  in  position 
(into  which  the  fluid  exudes  from  the  blood  capillaries), 
closed  capillaries  into  which  the  lymph  is  then  absorbed, 
and  vessels.  There  are  no  lymphatic  nodes,  however,  in  the 
orbit.  Definite  lymph  vessels  can  be  demonstrated  in  the 
eyelids,  conjunctiva,  and  lacrimal  gland,  to  which  reference 
has  already  been  made,  but  as  regards  the  orbit  itself, 
although  Schwalbe  described  Tenon's  capsule  as  enclosing 
a  definite  lymph  space  lined  with  endothelium  and  con- 
tinuous with  a  supra-vaginal  space  around  the  optic  nerve 
(denied  by  subsequent  observers  ;  see  p.  289),  and  others 
have  considered  the  inter-lobular  spaces  of  the  orbital  fat  to 
be  likewise  lymph  channels  (Birch-Hirschfeld,  1909),  such 
intervals  do  not  show  any  special  structural  development, 
though,  like  similar  spaces  elsewhere  in  the  body,  they  may 
contain  plasma  from  the  blood-vessels  (Dewey,  1920). 
Leboucq  (1914)  has  studied  the  orbital  lymphatics  in  the 
rabbit,  and  concludes  that  the  sub-con junctival  space  and 
that  of  Tenon's  capsule  are  independent  of  the  lymph 
circulation  of  the  globe.  The  lymph  from  the  latter  passes 
out  round  the  anterior  ciliary  and  vorticose  veins  and  the 
central  vein  of  the  retina,  and  eventually  into  the  jugular 
lymph  trunks  (Bartels,  1909).  The  lymph  vessels  of  the 
orbit  are  supposed  to  pass  through  the  inferior  orbital 
fissure  to  the  internal  maxillary  nodes,  and  thence  to  those 
of  the  upper  deep  cervical  groups,  and  communications  may 


ORBIT  THE  NERVES  32I 

also  exist  between  the  orbital  system  and  that  of  the  nasal 
cavity,  or  accompany  vessels  passing  through  the  superior 
orbital  fissure  ;  they  have  not  been  demonstrated  in  man. 

5.  The  Nerves.— The  nerves  which  enter  the  orbit  are 
as  follows  : 

The  optic  nerve,  the  special  nerve  of  sight ; 

The  oculomotor,  trochlear,  and  abducent  (third,  fourth, 
and  sixth)  nerves,  which  are  motor  to  the  muscles  of  the 
eye  and  the  levator  of  the  upper  eyelid  ; 

The  ophthalmic  division  of  the  trigeminal  (fifth)  nerve, 
which  is  the  nerve  of  common  sensation  to  the  eyeball,  and 
supplies  also  the  lacrimal  gland,  conjunctiva,  and  eyelids, 
but  which  in  greater  part  traverses  the  orbit  to  reach  facial 
areas  beyond. 

The  maxillary  division  of  the  trigeminal,  which  runs 
beneath  the  periorbita  of  the  floor  and  gives  off  one  branch 
into  the  orbit,  but  is  likewise  mainly  distributed  to  extra- 
orbital  regions. 

The  sympathetic  plexus  of  nerves. 

As  in  the  case  of  any  other  cerebral  nerve,  an  orderly 
consideration  must  include  these  points  : 

(i.)  The  '  nucleus  of  origin "  ;  that  is,  the  mass  of 
nerve  cells  from  which  the  axons  forming  the  nerve  trunk 
arise,  sometimes  called  its  '  deep  origin."  In  the  case  of 
a  motor  nerve,  the  nucleus  lies  buried  in  the  mid-brain, 
where  it  is  connected  with  other  nuclei  and  parts  of  the  brain 
by  fibre  tracts.  After  a  short  intra-cerebral  course,  the 
nerve  emerges  at  its 

(ii.)  '  superficial  origin  '  on  the  surface  of  the  brain  ; 
in  the  case  of  a  sensory  nerve,  such  as  the  trigeminal,  the 
nucleus  of  origin  of  its  fibres  (in  this  case  the  semilunar  or 
Gasserian  ganglion)  lies  outside  the  brain  and  is  connected 
to  it  by  centripetal  fibres,  which  enter  and  terminate  in  a 
nucleus  of  reception.  From  its  superficial  origin  in  the  one 
case,  or  point  of  entry  in  the  other,  the  nerve  has  an 

(iii.)  intra-cranial  course  inside  the  skull  between  the 
brain  and  dura  mater.  In  the  case  of  the  orbital  nerves 
other  than  the  optic  nerve  itself  they  then  enter  the 
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(iv.)  cavernous  sinus,  and  pass  through  the  superior 
orbital  fissure  (comparable  to  the  point  of  emergence  from 
the  skull  of  other  nerves)  to  enter  upon  the 

(v.)  orbital  part  of  their  course,  and 

(vi.)  final  distribution. 


FIG.  167. — Scheme  to  show  the  course  of  a  typical  Orbital  Motor  Nerve.     The 

fibres  arise  from  a  deeply-seated  nucleus  of  origin  (i),  and  after  a  short  intra- 
cerebral  course  the  nerve  emerges  from  the  surface  of  the  brain  stem  at  its 
superficial  origin  (2)  ;  it  then  traverses  the  cranial  cavity  (3),  passes  through  the 
cavernous  sinus  (4),  and  after  entering  the  orbit  (through  the  superior  orbital 
fissure)  passes  along  it  (5)  to  reach  its  final  distribution  in  a  muscle  (6).  The 
possible  cortical  connection  of  the  nucleus  of  origin  is  indicated  by  the  dotted  line, 

Fig.  167  represents  schematically  the  course  of  a  typical 
orbital  nerve  showing  these  points ;  and  it  will  be  found 
that  in  each  part  of  the  course  so  outlined  a  nerve  is  related 
to  structures  an  alteration  in  the  disposition  of  which  can 
become  of  great  clinical  importance. 

It  will  be  convenient  to  describe  the  optic  nerve  last, 
so  that  its  connections  may  be  followed  into  the  cerebral 
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visual  tracts  to  which  the  last  section  of  this  work  is  devoted. 
In  that  section  there  will  also  be  found  an  account  of  the 
nuclei  of  origin  and  the  intra-cerebral  connections  of  the 


FIG.  168. — The  Brain,  inferior  aspect,  to  show  the  superficial  origins  of  the 
nerves  (as  numbered).  The  left  (III.)  nerve  has  been  removed;  the  VII., 
VIII.,  and  pars  intermedia  are  seen  just  below  V.,  followed  caudally  by  the 
IX.,  X. ,  XI.  ;  the  fourth  nerve  is  seen  above  V.  on  the  reader's  left-hand  side. 

O.  =  orbital  sulcus  on  base  of  frontal  lobe  ;  P.  =pons. 


nerves.  Here,  in  dealing  particularly  with  the  orbit,  the 
nerves  will  be  described  from  their  superficial  origin  from 
the  brain  surface  onwards. 
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The  Oculomotor  or  third  nerve  (nervus  oculomotorius) 
supplies  all  the  extra-ocular  muscles  with  the  exception  of 
the  lateral  rectus  and  superior  oblique  ;  it  also  sends  fibres 
through  the  ciliary  ganglion  to  supply  the  ciliary  muscle 
and  sphincter  pupillae  within  the  eyeball. 

The  superficial  origin  on  the  surface  of  the  brain  is  from 
the  shallow  oculomotor  sulcus  on  the  medial  surface  of  the 
cerebral  peduncle,  in  front  of  the  pons,  arid  in  the  inter- 
peduncular  space,  on  the  floor  of  which  is  the  posterior 
perforated  substance  or  spot  (Fig.  168)  ;  there  are  usually 
two  groups  of  fibres  at  the  origin,  separated  very  often  by 
an  arteriole  derived  from  the  posterior  cerebral  artery. 

In  the  intra-cranial  part  of  its  course,  from  this  origin 
to  where  it  pierces  the  dura  to  enter  the  cavernous  sinus, 
the  nerve  lies  in  the  posterior  cranial  fossa,  and  is  about 
25  mm.  long  ;  it  is  closely  invested  by  the  pia  mater,  and 
traverses  the  sub-arachnoid  space,  which  is  enlarged  in  this 
region  between  the  peduncles  into  a  cisterna  interpeduncu- 
laris,  an  imperfect  subdivision  of  the  larger  cisterna  basalis  ; 
the  nerve  curves  outwards  and  forwards,  between  and  in 
close  contact  with  two  arteries,  the  posterior  cerebral  in 
front,  the  superior  cerebellar  behind  ;  the  posterior  com- 
municating artery  then  runs  parallel  with  it  on  its  medial 
side,  and  it  lies  against  the  uncus  of  the  temporal  lobe  of 
the  brain,  as  seen  in  Fig.  172  ;  it  pierces  the  arachnoid 
membrane  forming  the  roof  of  the  cisterna  about  20  mm. 
from  its  origin. 

The  nerve  enters  the  cavernous  part  of  its  course  by 
piercing  the  dura  to  the  lateral  side  of  the  posterior  clinoid 
process  in  the  small  triangular  area  formed  by  the  free  and 
attached  borders  of  the  tentorium  (Fig.  169)  ;  it  here  for 
the  first  time  comes  in  contact  with  the  base  of  the  skull, 
lying  against  the  anterior  clinoid  process,  and  is  now 
situated  in  the  middle  cranial  fossa.  Its  position  in  the 
lateral  wall  of  the  cavernous  sinus  has  already  been 
referred  to,  and  its  relation  to  the  other  nerves  is  well 
displayed  in  the  dissection  photographed  in  Fig.  170,  as 
also  in  .Figs.  163  and  174. 

It  is  to  be  noted,  however,  that  the  order  of  the  nerves 
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changes  in  the  forepart  of  the  sinus,  the  ophthalmic  nerve 
becomes  superior,  the  oculomotor  nerve  passes  below  and 
medial  to  the  trochlear,  and  the  abducent  nerve  is  now  in 
intimate  contact  with  the  lateral  wall  of  the  sinus  (Fig.  170). 


FIG.  169. — The  Base  of  the  Skull  with  the  Dura  in  situ  after  removal  of  the  Brain, 
to  show  the  nerve-exits  and  position  of  sinuses.  On  the  right  side  the  lateral 
wall  of  the  cavernous  sinus  (C. )  has  been  turned  down  as  a  flap.  The  superior  (S. ) 
and  inferior  (i.)  petrosal  and  lateral  or  transverse  (L. )  sinuses  have  been  opened 
up.  Compare  with  Fig.  166.  x  §. 

• 


The  oculomotor  nerve  leaves  the  forepart  of  the  sinus 
and  enters  the  orbit  through  the  superior  orbital  fissure.  At 
or  about  this  point  it  divides  into  two  branches,  superior 
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and  inferior,  which  enter  the  orbit  through  the  oculomotor 
foramen,  that  is,  inside  the  annulus  of  Zinn  and  within  the 
cone  of  muscles,  in  close  company  with,  but  separated  by, 
the  naso-ciliary  branch  of  the  trigeminal,  with  the  abducent 
nerve  lying  below.  The  position  of  these  nerves  relative 
to  one  another  at  this  point,  upon  which  considerable  and 
unwarrantable  stress  is  laid  in  the  text-books,  is  illustrated 


FIG.  170. — Sagittal  section  through  Left  Orbit;  the  lateral  wall  of  the  cavernous 
sinus  has  been  removed  to  expose  the  nerves.  The  maxillary  sinus  (A.)  is  cut 
open,  and  presents  a  well-marked  pre-lacrimal  recess  in  its  fore  and  upper  corner  ; 
the  ostium  is  also  visible.  Natural  size.  Compare  with  the  scheme  shown 
in  Fig.  67,  p.  142. 

O.  =  optic  nerve,  cut  to  show  its  sheath  ;  I.R.=inferior  rectus  ;  i.  =  inferior  oblique. 

in  Fig.  135,  which  should  be  compared  with  Figs.  139  and 
141,  and  the  fourth  section  in  Fig.  185,  from  which  it  will 
be  realised  that  practically  they  are  all  crowded  together 
here,  compactly  filling  a  narrow  space  certainly  not  more 
than  3  mm.  in  diameter. 

Within  the  orbit,  the  branches  of  the  oculomotor  nerve 
diverge ;  the  superior  and  smaller  of  the  two  (ramus  superior) 
passes  upwards  over  the  lateral  aspect  of  the  optic  nerve 
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to  enter  the  ocular  surface  of  the  superior  rectus,  after 
supplying  which  it  ends  in  the  overlying  levator  palpe- 
brae  superioris  muscle.  The  inferior  and  larger  branch 
(ramus  inferior),  after  supplying  the  medial  and  inferior 
recti,  passes  forwards  beneath  the  optic  nerve,  between  the 
inferior  and  lateral  recti  and  closely  bound  to  the  former, 
to  reach  the  posterior  border  of  the  inferior  oblique, 
in  which  it  ends.  It  contributes  a  short  thick  gan- 
glionic  branch,  sometimes 
double,  which  forms  the 
motor  root  of  the  ciliary 
ganglion  (p.  351),  whereby 
fibres  are  conveyed  to  the 
intrinsic  muscles  of  the  eye- 
ball.  The  course  and 
branches  of  the  nerve  are 
illustrated  in  Fig.  171. 

As  regards  the  CONSTITU- 
TION and  nature  of  the 
fibres  of  the  oculomotor 
nerve,  it  is  noteworthy  that 
its  size  is  remarkable  in 
comparison  with  that  of  the 
muscles  it  supplies,  a  feature 
it  shares  with  the  other 

motor  nerves  of  the  eyeball ;  FIG.  171.— Diagram  of  the  Oculomotor  or 
indeed,  in  this  respect,  the 
abducent  nerve  is  relatively 
the  largest  in  the  body,  and  the  only  other  motor  nerve 
that  may  be  compared  with  it  in  this  respect  is  the 
hypoglossal.  In  all  the  muscles  supplied  by  these  nerves 
the  function  appears  to  be  correlated  not  so  much  with 
rapidity  as  with  a  finely  graded  range  of  delicacy  of 
movement ;  and,  as  Wood  Jones  points  out,  a  muscle 
need  not  act  as  a  whole  to  perform  a  minimal  action, 
but  as  more  effort  is  demanded  more  fibres  are  brought 
into  action ;  every  fibre  acts  to  its  utmost  and  only 
sufficient  fibres  are  called  into  action  to  perform  the 
demanded  task.  The  oculomotor  contains  15,000  fibres 


Third  Nerve,  with  its  branches.     (Modi- 
fied, after  Quain. ) 
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distributed  to  about  40,000  muscle  fibres  (Macalister,  1889) ; 
its  fibres  are  generally  large,  but  it  also  contains  smaller 
ones  destined  for  the  ciliary  ganglion.  Whilst  the  great 
majority  of  its  fibres  are  motor  in  function,  it  also  contains 
a  certain  number  of  sensory  fibres  derived  from  the 
ophthalmic  division  of  the  trigeminal  nerve,  by  an  anasto- 
mosis usually  considered  to  occur  whilst  the  nerves  are 
in  the  cavernous  sinus,  though  Barratt  (1901)  in  a  study 
of  transverse  sections  of  the  nerve  failed  to  find  the 
communication,  and  Bischoff  (1865)  denied  its  existence. 
Sherrington  and  Toser  (1910),  however,  have  shown  experi- 
mentally that  all  three  motor  nerves  of  the  eyeball  contain 
some  sensory  fibres  as  well  as  the  motor  ones ;  and  the 
former  discusses  the  sensual  role  of  the  proprioceptive 
nerve  supply  of  the  extrinsic  ocular  muscles  relative  to  the 
adjustment  and  maintenance  of  postures  of  the  eyes 
in  a  later  paper  (1918).  The  presence  of  these  afferent 
fibres  explains  the  fact  that  after  total  desensitisation 
of  the  eyeball  by  means  of  cocaine,  the  ocular  move- 
ments, the  precision  of  which  requires  the  co-operation 
of  afferent  impressions  from  the  muscles,  are  carried  out  as 
accurately  as  in  the  normal  animal  (Starling,  1920).  In 
primitive  animals  these  nerves  are  clearly  mixed,  containing 
both  motor  and  sensory  fibres  ;  and  Gaskell  (1889),  like 
Thomsen,  has  described  the  remains  of  a  degenerate  ganglion 
in  the  roots  of  the  oculomotor  as  well  as  in  the  trochlear 
and  the  abducent  nerves,  which  from  a  study  of  ancestral 
development  he  regards  as  representing  an  anterior  root 
ganglion  ;  Toser  (1912)  has  made  similar  observations,  as 
also  has  Nicholls  (1915).  The  third  nerve,  like  the  fourth 
and  sixth,  is  said  to  receive  sympathetic  fibres  from  the 
cavernous  plexus  whilst  traversing  the  sinus ;  Bischoff 
(1865),  who  has  studied  microscopically  the  various  anas- 
tomoses of  the  cranial  nerves,  figures  such  fibres  as  passing 
to  the  third  and  sixth,  but  not  to  the  fourth  nerve ; 
Boeke  (1913),  however,  has  shown  that  in  the  cat  the 
superior  oblique  muscle  receives  sympathetic  fibres.  A 
communication  between  the  third  and  sixth  nerves  has 
been  described,  but  its  existence  has  been  denied  by  recent 
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observers.  The  nerve-endings  of  the  motor  nerves  in  these 
muscles,  which  differ  by  the  richness  of  their  ramifications 
from  those  of  the  skeletal  muscles,  have  been  studied  by 
Levinsohn  (1901),  and  those  of  the  sensory  nerves  by 
Dogiel  (1906)  ;  Boeke  (1915)  found  the  sympathetic  nerve- 
endings  to  be  the  same  in  smooth  as  in  striated  fibres. 
The  morphology  of  the  nerves  is  the  subject  of  a  paper  by 
Neal  (1914). 

A  note  upon  the  possible  LESIONS  of  the  oculomotor  nerve 
and  their  effects,  may  be  added  as  emphasising  its  anatomical 
relations  and  distribution.  A  paralysis  may  result  from 
injury  to  the  nerve  at  its  origin  or  in  any  part  of  its 
course,  from  cerebral  disease,  embolism,  periarteritis,  gumma 
or  tumour,  pressure  of  inflammatory  exudate,  periostitis, 
thrombosis  of  the  cavernous  sinus,  and  from  fracture  of  the 
base  of  the  skull  or  of  the  orbit.  It  may  be  affected  by  an 
aneurism  or  syphilitic  periarteritis  of  the  internal  carotid, 
basilar,  posterior  cerebral,  or  superior  cerebellar  arteries, 
to  all  of  which  the  nerve  is  closely  related  in  its  intra-cranial 
and  cavernous  course.  In  this  respect  the  following  notes 
may  be  of  interest,  taken  from  Stopford's  paper  (1917) 
on  the  arteries  of  the  pons  and  medulla,  in  which  an  extensive 
bibliography  will  be  found. 

Aneurism  of  either  the  posterior  cerebral  or  superior 
cerebellar  arteries  may  easily  cause  oculomotor  paralysis, 
since  the  nerve  lies  in  the  angle  formed  by  these  two  vessels 
at  their  origin  from  the  basilar,  a  relation,  it  is  to  be  noted, 
shared,  though  not  so  intimately,  by  the  fourth  nerve.  It 
is  also  possible,  as  Gushing  has  shown,  for  the  posterior 
cerebral,  which  has  a  more  constant  anatomical  disposition, 
to  indent  the  third  nerve  in  cases  of  cerebral  tumour  accom- 
panied by  any  considerable  alteration  in  the  position  of  the 
brain  stem.  The  basilar  artery  itself  has  caused  a  paralysis 
of  the  nerve.  Beadles,  in  his  collection  of  555  cases  of 
aneurism  of  the  larger  cerebral  arteries,  found  that  the 
oculomotor  was  the  nerve  most  frequently  compressed  by 
aneurisms  of  the  posterior  communicating  artery  (the  vessel 
which  joins  the  posterior  cerebral  to  the  internal  carotid 
and  so  completes  laterally  the  arterial  circle  of  Willis,  as 
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seen  in  the  figure  below),  and  that  dilatation  of  this  vessel 
clinically  produced  mechanical  symptoms  more  frequently 
(47  per  cent)  than  any  other.  Aneurism  of  the  internal 


FIG.  172. — The  base  of  the  Brain,  showing  the  relations  of  the  arteries 

to  the  nerves.     Natural  size. 

V.,  V.  =the  vertebral  arteries.  B.  =the  basilar  ;  this  gives  off  on  each  side  (opposite  B.)  an 
anterior  inferior  cerebellar  branch  which  is  seen  crossing  the  sixth  nerve,  and,  in  front,  the  large 
superior  cerebellar  artery ;  immediately  afterwards  it  divides  into  the  two  posterior  cerebral 
arteries,  each  of  which  is  joined  to  the  internal  carotid  artery  (C.)  of  the  same  side  by  the 
posterior  communicating  artery.  The  relation  of  the  third  nerve  to  the  superior  cerebellar  and 
posterior  cerebral  arteries  is  well  displayed,  and  the  fourth  nerve  on  the  reader's  left  can  be  seen  to 
present  a  similar  relation  to  these  vessels. 

carotid  artery  has  frequently  caused  paralysis  of  this  nerve, 
and  an  associated  involvement  of  the  trochlear,  abducent, 
and  ophthalmic  division  of  the  trigeminal  would  point  to 
the  localisation  of  a  lesion  in  the  cavernous  sinus.  Finally, 
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it  has  been  suggested  that  cases  ot  recurrent  oculomotor 
paralysis  may  be  explained  by  vascular  spasm  or  paralysis 
of  the  vaso-motor  nerves  of  these  vessels,  causing  their  dis- 
tension and  consequent  compression  of  the  nerve. 

As  regards  its  relation  to  the  base  of  the  skull,  the  oculo- 
motor nerve  is  in  close  contact  with  the  bone  at  the  anterior 
clinoid  process,  as  seen  in  Figs.  169  and  170  ;  it  is  related 
to  it  also  in  its  passage  through  the  superior  orbital  fissure, 
a  position  it  shares  with  the  abducent  and  the  naso-ciliary 
nerves. 

If  complete,  such  a  lesion  of  the  oculomotor  nerve  will 
cause : 

(i.)  Ptosis,  from  paralysis  of  the  levator  palpebrae 
superioris.  The  skin  of  the  eyelid  appears  abnormally 
smooth. 

(ii.)  Laieral  strabismus,  from  non-opposition  of  the 
lateral  rectus  and  superior  oblique  muscles.  The  eye  is 
almost  motionless,  and  cannot  be  turned  upwards,  directly 
downwards,  or  medial-wards,  though  it  can  be  moved  down 
and  lateral-wards. 

(iii.)  Diplopia,  the  chief  symptom  complained  of,  is 
caused  by  deviation  of  the  affected  eye. 

(iv.)  Dilatation  of  the  pupil,  with  no  reaction  to  light, 
from  paralysis  of  the  sphincter  papillae. 

(v.)  Loss  of  accommodation  from  paralysis  of  the  ciliary 
muscle  of  the  lens. 

Variations  of  the  Oculomotor  Nerve. --These  gener- 
ally consist  of  abnormal  branches,  which  replace  one  of 
the  other  orbital  nerves  ;  for  example,  the  oculomotor  may 
supply  the  lateral  rectus,  either  in  addition  to,  or  even  instead 
of,  the  sixth  nerve  (Generali,  Harvey),  or  send  a  filament 
to  the  superior  oblique  ;  Martyn  (1919)  reports  a  clinical 
case  in  which  the  symptoms  suggest  an  anomalous  innerva- 
tion  of  the  levator  by  the  same  inferior  branch  of  the  third 
nerve  which  supplies  the  medial  rectus  ;  it  has  been  seen 
to  furnish  a  twig  to  the  spheno-palatine  ganglion  (Poirier). 
It  may  anastomose  with  the  sixth  nerve,  or  the  superior 
division  may  anastomose  with  the  naso-ciliary.  The  branch 
to  the  inferior  oblique  may  send  a  double  supply  to  the 
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inferior  rectus,  and  has  also  been  found  traversing  the  latter, 
and  even  perforating  the  ciliary  ganglion.  It  has  been  seen 
perforated  near  its  origin  by  the  posterior  cerebral  artery 
(Soemmering) . 

The  Troehlear  or  fourth  nerve  -(nervus  trochlearis),  the 
smallest  of  the  cerebral  nerves,  supplies  only  the  superior 
oblique  muscle  of  the  globe. 

It  emerges  by  separate  rootlets  at  its  superficial  origin 
on  the  dorsal  aspect  of  the  mid-brain,  just  below  the 
inferior  colliculus  at  the  side  of  the  frenulum  veli ;  it  is 
the  only  motor  nerve  of  the  cerebro-spinal  axis  which  arises 
from  the  dorsal  aspect. 

Its  intra-cranial  course  is  the  longest  of  any  of  the 
nerves  (40  mm.),  and  its  total  length  from  its  superficial 
origin  to  the  muscle  is  85  mm.  ;  it  crosses  the  brachium 
conjunctivum  cerebelli  and  winds  round  the  cerebral  peduncle 
immediately  above  the  pons,  as  is  seen  in  Figs.  133  and  174. 
Towards  the  end  of  this  part  of  its  course  it  lies  in  the 
sub-arachnoid  space  between  and  parallel  to  the  posterior 
cerebral  and  superior  cerebellar  arteries,  and  appears  on 
the  base  of  the  brain  in  the  interval  between  the  temporal 
lobe  of  the  brain  laterally  and  the  edge  of  the  pons  medially 
(Fig.  168).  It  then  pierces  the  dura  just  beneath  the  free 
margin  of  the' tent orium  cerebelli,  behind  the  third  nerve 
and  the  posterior  clinoid  process,  as  shown  in  Fig.  169, 
and  enters  the  cavernous  sinus.  Here  it  lies  in  the  lateral 
wall,  below  the  oculomotor  nerve  and  above  the  ophthalmic 
nerve,  but  towards  the  fore  end  of  the  space  it  crosses  and 
is  bound  to  the  third  nerve  on  its  lateral  side,  as  seen  in 
Figs.  170  and  174,  then  comes  to  lie  above  this  nerve  and 
on  the  same  horizontal  plane  as  the  branches  of  the  ophthal- 
mic nerve  ;  in  this  part  of  its  course  it  is  considered  to  receive 
communications  from  the  cavernous  plexus  of  the  sympa- 
thetic nervous  system,  and  it  is  joined  by  a  sensory  twig 
from  the  ophthalmic  division  of  the  trigeminal.  It  enters 
the  orbit  through  the  lateral  part  of  the  superior  orbital 
fissure,  being  the  only  motor  nerve  of  the  eye  muscles  that 
enters  outside  the  annulus  of  Zinn  and  the  cone  of  muscles. 
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Its  position  and  short  course  within  the  orbit  is  well 
displayed  in  the  dissection  photographed  in  Fig.  175,  p.  341, 
where  it  is  seen  on  the  medial  side  of  the  frontal  nerve, 
crossing  the  superior  rectus  obliquely  forwards  and  medial- 
wards  ;  it  lies  immediately  beneath  the  periorbita  of  the 
orbital  roof. 

The  trochlear  nerve  consists  of  about  2000  coarse  fibres, 
distributed  to  about  the  same  number  of  muscle  fibres 
(Macalister,  1889),  and  like  the  oculomotor  shows  close  to 
its  origin  the  remains  of  a  degenerated  ganglion  (Gaskell, 
1889).  Further  details  of  its  constitution  have  been  given 
in  connection  with  the  oculomotor  nerve  on  p.  328  above. 
Paralysis  of  the  nerve,  the  causes  of  which  have  likewise 
been  noted  above  in  connection  with  the  oculomotor,  results 
in  loss  of  function  of  .the  superior  oblique  muscle  of  the 
globe,  and  the  patient  cannot  turn  the  affected  eye  down 
and  lateral-wards,  and  diplopia  occurs.  Little  change, 
however,  may  be  noticed,  as  the  loss  of  function  of  the 
superior  oblique  may  be  vicariously  performed.  The  nerve 
is  rarely  affected  alone. 

As  variations  are  recorded  a  branch  to  the  orbicularis 
oculi,  and  communications  with  the  supra-trochlear,  infra- 
trochlear,  naso-ciliary,  lacrimal,  and  frontal  nerves,  which 
are  probably  aberrant  sensory  branches  of  the  trigeminal ; 
it  has  been  seen  to  pierce  the  levator  on  its  way  to  the 
superior  oblique  (Shane). 

The  Abducent  or  sixth  nerve  (nervus  abducens)  supplies 
the  lateral  rectus  muscle  of  the  eyeball. 

It  emerges  by  numerous  and  sometimes  separate  rootlets 
at  its  superficial  origin  on  the  anterior  surface  of  the  hind- 
brain  in  the  groove  between  the  lower  edge  of  the  pons  and 
the  upper  end  of  the  medulla  oblongata,  just  lateral  to  the 
pyramid  (Fig.  168,  p.  323). 

In  the  first  part  of  its  intra-cranial  course  the  nerve 
is  flat  and  is  closely  applied  to  the  surface  of  the  pons  for  a 
distance  of  about  15  mm.,  passing  beneath  and  being  bound 
down  by  the  anterior  inferior  cerebellar  artery  (Fig.  172), 
and  being  contained  in  the  cisterna  pontis  of  the  sub- 
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arachnoid  space  ;  it  is  invested  by  the  arachnoid  membrane 
at  15  mm.  from  its  origin,  becomes  rounded  and  pierces 
the  dura  opposite  the  dorsum  sellae  of  the  sphenoidal  bone, 
medial  and  slightly  behind  the  opening  for  the  fifth  nerve, 
and  on  the  medial  side  of  the  inferior  petrosal  sinus  (Fig. 
169).  It  then  bends  slightly  lateral- wards  through  the 
commencement  of  the  sinus  to  reach  its  lateral  side,  passing 
forwards  through  the  notch  between  the  apex  of  the  petrous 
bone  and  the  posterior  clinoid  process,  where  it  lies  under 
the  petro-sphenoidal  ligament  of  Griiber  (Fig.  173),  and 
enters  the  cavernous  sinus  on  the  lateral  side  of  the  internal 
carotid  artery.  In  the  sinus  its  position  relative  to  the  artery 
and  the  other  nerves  has  already  been  noted  (p.  317,  and 
Figs.  163  and  164)  ;  towards  the  end  of  its  course  within 
the  sinus  it  lies  medial  to,  and  is  intimately  connected  with, 
the  ophthalmic  nerve.  Valentin  described  an  anastomosis 
between  the  two  nerves  in  this  situation,  a  fact  generally 
accepted  by  most  authors,  but  not  confirmed  by  Bischoff 
(1865) ;  the  nerve  is  also  joined  here  by  filaments  from 
the  internal  carotid  plexus  of  the  sympathetic  nervous 
system  ;  some  of  these  are  supposed  to  supply  the  dilatator 
pupillae  muscle,  since  a  lesion  of  the  nerve  often  entails 
a  certain  amount  of  contraction  of  the  pupil  (Gray)  ;  a 
branch  ascending  from  the  spheno-palatine  ganglion  to  the 
sixth  nerve  whilst  in  the  cavernous  sinus  has  been  described 
by  Boch  and  Valentin  (Quain). 

The  sixth  nerve  enters  the  orbit  through  the  oculomotor 
foramen,  within  the  cone  of  muscles,  and  between  the  optic 
nerve  and  the  origin  of  the  lateral  rectus  muscle  (Figs.  135 
and  141)  ;  it  enters  the  muscle  on  its  ocular  aspect  at  about 
the  junction  of  its  posterior  third  and  anterior  two-thirds, 
after  a  total  course  from  its  superficial  origin  of  about  55  mm. 
in  length. 

Its  fibres,  mostly  large,  have  been  estimated  at  from 
2000  to  3600  in  number,  and  are  distributed  to  a  muscle 
containing  about  5000  fibres  (Macalister,  1889)  >  the  char- 
acter of  the  fibres  has  been  discussed  above  (p.  327). 

Paralysis  of  the  abducent  nerve  is  particularly  associated 
with  fractures  of  the  base  of  the  skull,  owing  to  its  com- 
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paratively  long  co.urse  beneath  the  dura  covering  the  dorsum 
sellae  and  its  close  confinement  beneath  the  petro-sphenoidal 
ligament.  Panas,  indeed,  first  recognised  that  a  fractured 
base  might  be  manifested  by  paralysis  of  the  sixth  nerve 
alone.  As  regards  such  injuries,  Stephenson  (1919)  states 
that  Hewett,  in  an  analysis  of  sixty-four  cases  of  fracture  of 
the  base,  found  that  in  upwards  of  82  per  cent  the  fissure 
passed  through  the  middle  cranial  fossa,  and  that  in  about 
one-third  of  sixty-eight  cases  examined  after  death  the 
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FIG.  173. — The  petro-sphenoidal  ligament.  Sketch  of  the  interior  of  the  base  of 
the  skull  viewed  from  behind  to  illustrate  a  dissection  of  the  abducent  or  sixth 
nerve  passing  beneath  the  ligament  before  entering  the  cavernous  sinus.  The 
ligament,  which  is  formed  by  the  deeper  or  osteogenetic  layer  of  the  dura  mater, 
presents  differences  in  its  extent  and  attachments,  as  is  illustrated  on  the  two 
sides. 

orbital  roof  was  also  found  broken  ;  Liebrecht  (1906)  has 
specially  studied  the  effect  of  such  fractures  on  the  eyes. 
Stopford  (1917)  notes  the  possible  compression  of  the  nerve 
by  the  anterior  inferior  cerebellar  artery  against  the  bone 
before  it  pierces  the  dura,  and  Gushing  (1910)  its  strangula- 
tion by  lateral  branches  of  the  basilar  artery  in  cases  of 
brain  tumour.  In  its  passage  through  the  cavernous  sinus 
it  will  be  subject  to  the  same  affections  as  noted  in  the  case 
of  the  third  nerve  (p.  329).  The  results  of  a  paralysis  are 
convergent  strabismus  and  diplopia,  and  the  cornea  cannot 
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be  moved  beyond  the  centre  of  the  palpebral  fissure  ;  the 
oblique  muscles  may  to  some  extent  counteract  the  loss 
of  abduction.  It  is  to  be  noted  that  a  paralysis  of  the  lateral 
rectus  on  the  one  side  accompanied  by  paralysis  of  the  medial 
rectus  on  the  other  (conjugate  deviation),  would  point  to  a 
lesion  in  the  nucleus  of  origin  of  the  sixth  nerve  (p.  389). 
The  possibility  of  dilator  pupillae  fibres  running  in  this 
nerve  has  already  been  referred  to. 

As  variations  there  are  recorded,  a  case  of  absence  on 
one  side,  its  place  being  taken  by  the  third  nerve  (Generali)  ; 
Cruveilhier  (1886)  has  seen  the  origin  to  be  from  the  olive, 
and  has  also  described  two  separate  roots  of  origin  which 
may  not  unite  until  they  reach  the  cavernous  sinus  and 
between  which  the  artery  may  pass ;  this  last  anomaly  has 
also  been  seen  by  Gushing,  and  is  explained  by  the  presence 
of  an  aberrant  root  of  the  nerve  (Stopford,  1916). 
Krause,  on  the  other  hand,  has  seen  the  origin  placed 
at  8  mm.  above  the  inferior  border  of  the  pons  ;  Bremer 
(1908,  1921)  has  written  on  the  aberrant  roots  and  branches 
of  this  nerve  in  the  human  embryo.  Valentin  states  that  it 
may  receive  a  branch  from  the  spheno-palatine  ganglion  in- 
stead of  from  the  ophthalmic  nerve  ;  it  may  enter  the  orbit 
outside  the  annulus  of  Zinn  (Poirier).  It  has  been  seen  to 
furnish  a  branch  to  the  superior  rectus  in  addition  to  the 
usual  supply  from  the  third  nerve  (Magath,  1919),  or  it 
may  appear  to  give  off  the  naso-ciliary  nerve  (Krause),  or 
a  root  to  the  ciliary  ganglion. 

4 

The  Ophthalmic  Nerve  (nervus  ophthalmicus)  is  the 
smallest  of  the  three  divisions  of  the  trigeminal  or  fifth 
nerve,  and  is  purely  sensory.  It  supplies  the  eyeball  and 
conjunctiva,  the  lacrimal  gland,  caruncle  and  sac,  part  of 
the  nasal  mucous  membrane  and  the  frontal  air  sinus, 
the  upper  eyelid,  forehead,  and  anterior  part  of  the  scalp, 
the  root  and  forepart  of  the  nose  (Fig.  88,  p.  175). 

It  arises  from  the  fore  and  medial  part  of  the  semi- 
lunar  or  Gasserian  ganglion,  the  cells  of  which  comprise 
the  nucleus  of  origin  of  the  sensory  part  of  the  trigeminal. 
The  description  of  the  ophthalmic  nerve  may  therefore  well 
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be  prefaced  by  a  brief  account  of  the  main  nerve  from  which 

it  is  derived. 


174. — Dissection  of  Orbit,  middle  cranial  Fossa  and  Mid-Brain  on  right  side, 
to  show  the  nerves.  The  preparation  is  viewed  from  above,  and  has  been  tilted 
to  the  left.  Natural  size. 

G.  =  semilunar  or  Gasserian  ganglion  with  the  fifth  nerve  entering  it  behind,  and  dividing  into 

jree  divisions  in  front ;  the  letter  G  is  in  line  with  the  maxillary  division.     The  lateral  wall 

of  the  cavernous  sinus  has  been  removed  to  show  the  nerves.      1 1 1.  =  oculomotor  nerve.   ^The 

whole  coarse  of  the  trochlear  or  fourth  nerve  (IV.)  is  displayed,  bat  the  tilting  of  the  specimen 

makes  it  appear  continuous  with  what  in  the  cavernous  sinus  is  really  the  sixth  nerve. 

z 
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The  trigeminal  or  fifth  nerve  (nervus  trigeminus)  is  the 
great  sensory  nerve  of  the  face  and  larger  part  of  the  scalp, 
and  the  motor  nerve  of  the  muscles  of  mastication.  It  is 
attached  to  the  side  of  the  pons  by  a  large  sensory  and  a 
small  motor  root,  this  point  corresponding  to  the  superficial 
origin  of  a  motor  cerebral  nerve  (Figs.  168,  174).  Tracing 
the  roots  forward  away  from  the  brain,  they  are  seen 
to  enter  an  opening  in  the  dura  beneath  the  attached 
border  of  the  tentorium,  where  the  sensory  fibres  reach  the 
semiluriar  ganglion  from  the  cells  of  which  they  actually 
arise.  The  ganglion  lies  in  a  space  (cave  of  Meckel)  formed 
by  a  separation  of  the  dura,  and  situated  on  an  impression 
near  the  apex  of  the  petrous  part  of  the  temporal  bone  in 
the  floor  of  the  middle  cranial  fossa  (Fig.  169)  ;  it  lies 
2\  inches  medial  to,  but  a  little  higher  than,  the  articular 
tubercle  at  the  root  of  the  zygoma  (Figs. '133,  184).  From 
the  fore  edge  of  the  ganglion  three  large  nerve  trunks  arise  as 
the  three  divisions  of  the  fifth  nerve  ;  the  uppermost  is  the 
ophthalmic,  the  middle  one  is  the  maxillary  (or  superior 
maxillary) ,  and  the  lowest  and  most  lateral  is  the  mandibular 
(or  inferior  maxillary)  nerve.  The  motor  root  of  the  fifth 
nerve  enters  the  cave  of  Meckel  beneath  the  main  nerve, 

% 

and  passes  beneath  the  ganglion  to  become  a  component 
of  the  mandibular  nerve,  as  is  seen  in  Fig.  164,  p.  317. 

The  ophthalmic  nerve  fibres  arise  as  peripheral  processes 
of  cells  of  the  semilunar  ganglion.  The  nerve  pierces  the 
dura  to  enter  the  cavernous  sinus  almost  immediately  after 
its  origin  from  the  ganglion  ;  it  then  passes  upwards  and 
forwards,  embedded  in  the  lateral  wall  of  the  sinus  below 
the  trochlear  nerve  and  above  the  maxillary  nerve,  as  is 
shown  in  Fig.  174.  Whilst  in  the  sinus  the  nerve  first  gives 
off  a  recurrent  branch  (nervus  tentorii,  or  recurrent  nerve  of 
Arnold),  which  crosses  and  is  adherent  to  the  trochlear 
nerve,  and  is  distributed  to  the  tentorium  cerebelli ;  it  is 
then  generally  considered  to  give  off  three  slender  filaments, 
which  join  the  oculomotor,  trochlear,  and  abducent  nerves 
and  so  provide  sensory  fibres  for  the  muscles  they  supply, 
though  Bischoff  (1865),  after  microscopical  examination, 
denied  a  junction  with  the  third  and  sixth,  and  found  it  only 
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for  the  fourth  nerve,  and  Merkel  regards  the  connections  as 
inconstant  ;  it  also  receives  filaments  from  the  cavernous 
sympathetic  plexus. 

After  a  total  length  from  the  ganglion  of  25  mm.,  or  an 
inch,  the  nerve  breaks  up  in  the  forepart  of  the  sinus  into 
three  terminal  branches,  lacrimal,  frontal,  and  naso-ciliary, 
though  often  the  last  alone  is  here  separated  off.  All  three 
enter  the  orbit  through  the  superior  orbital  fissure,  but  the 
naso-ciliary  nerve  alone  traverses  the  oculomotor  foramen, 
inside  the  annulus  of  Zinn,  and  between  the  two  divisions 
of  the  third  nerve  ;  the  lacrimal  and  frontal  nerves  enter 
through  the  lateral  part  of  the  fissure  and  outside  the  cone 
of  muscles  (Figs.  135,  139).  These  nerves  run  forwards 
through  the  orbit,  each  accompanied  in  the  greater  part  of  its 
course  by  an  artery,  and  all  three  end  by  finally  supplying 
the  skin  in  regions  beyond  the  orbital  margin.  A  complete 
lesion  of  the  ophthalmic  nerve  occasions  anaesthesia  of  the 
forehead,  the  upper  but  not  the  lower  eyelid,  the  root  and 
tip  of  the  nose,  the  conjunctiva,  cornea,  and  eyeball,  and 
there  is  no  reflex  winking  on  irritation  of  the  conjunctiva. 
Taste  and  smell  are  said  to  be  impaired.  The  area  of 
cutaneous  anaesthesia  is  much  less  than  might  be  expected 
from  the  distribution  of  the  branches  of  the  nerves,  owing 
to  overlapping  by  other  adjacent  branches  of  the  trigeminal 
(Fig.  88,  p.  175). 

The  branches  of  the  ophthalmic,  like  the  other  sensory 
parts  of  the  fifth  nerve,  anastomose  on  the  face  with  branches 
of  the  facial  nerve. 

The  lacrimal  nerve  (nervus  lacrimalis),  the  smallest  of 
the  three,  is  closely  bound  to  the  fourth  nerve  at  the  fore 
end  of  the  cavernous  sinus,  but  leaves  it  to  pass  obliquely 
through  the  lateral  extremity  of  the  fissure,  so  intimately 
enveloped  by  the  dura  that  it  is  difficult  to  dissect  out.  It 
then  runs  along  the*  lateral  orbital  wall,  embedded  in  the 
fat  in  company  with  the  lacrimal  artery  and  above  the  lateral 
rectus,  toward  the  lacrimal  gland.  Just  behind,  or  some- 
times within  its  substance,  the  nerve  divides  into  two 
branches.  The  uppermost  one  traverses  the  gland,  to  which 
it  gives  off  most  of  its  fibres,  and  after  piercing  the  septum 
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orbitale  ends  in  the  conjunctiva  and  skin  of  the  upper 
eyelid  in  the  lateral  region  (Fig.  104,  p.  205)  ;  the  inferior 
branch  passes  downward  on  the  orbital  wall  behind  the 
gland,  to  which  it  also  sends  fibres,  and  anastomoses  with 
the  zygomatico-temporal  branch  of  the  zygomatic  nerve, 
which  is  derived  from  the  maxillary  division  of  the 
trigeminal  (Fig.  71,  p.  149).  The  signification  of  this  con- 
nection and  the  constitution  of  the  fibres  of  this  nerve 
have  been  referred  to  on  p.  214  ;  the  cutaneous  distribution 
is  noted  on  pp.  175,  202. 

As  variations,  the  lacrimal  nerve  may  give  off  fibres 
which  run  for  part  of  their  course  with  the  other  orbital 
nerves  ;  such  junctions  are  recorded  with  the  fourth  nerve, 
with  the  frontal,  and  with  the  naso-ciliary  (Laffey).  It  has 
been  seen  to  give  off  a  ciliary  nerve,  and  to  receive  a  filament 
from  the  long  root  of  the  ciliary  ganglion  or  from  the  ganglion 
itself.  A  case  has  been  observed  where  the  lacrimal  instead 
of  the  zygomatic  (temporo-malar  or  orbital)  nerve  provided 
the  usual  zygomatico-temporal  branch  of  the  latter  (Thane), 
and,  on  the  other  hand,  the  lacrimal  has  been  found  absent, 
its  place  being  taken  by  the  zygomatic  nerve  (Turner). 
The  anastomosis  between  the  two  nerves  has  been  found 
absent  (Laffey).  The  writer  has  found  two  well-developed 
lacrimal  nerves,  both  derived  from  the  ophthalmic  nerve  ;  a 
similar  instance  is  recorded  by  Delbet,  though  in  his  case  one 
of  the  nerves  was  derived  from  the  maxillary  nerve,  and  so 
was  apparently  equivalent  to  an  aberrant  zygomatic  branch. 

The  frontal  nerve  (nervus  frontalis),  the  largest  branch 
of  the  ophthalmic  nerve,  after  entering  the  orbit  above  the 
muscles,  runs  forwards  immediately  beneath  the  periorbita 
of  the  roof,  resting  first  upon  the  origin  of  the  superior  rectus, 
then  upon  the  levator  of  the  upper  eyelid.  At  a  variable 
point,  but  usually  beyond  the  middle  of  the  orbit,  it  gives 
off  a  supra-tfochlear  nerve,  beyond  which  point  it  is  con- 
tinued forwards  under  the  name  of  supra-orbital  nerve 
(Figs.  175,  176).  The  supra  -  trochlear  nerve  of  Arnold 
(nervus  supratrochlearis),  as  its  name  implies,  passes  inwards 
and  forwards  close  above  and  sometimes  bound  to  the 
pulley  of  the  superior  oblique  muscle,  pierces  the  septum 
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orbitale,  and  runs  up  over  the  orbital  margin  through  the 
frontalis  and  orbicularis  muscles  in  company  with  the 
frontal  artery,  a  finger's  breadth  from  the  mid-line,  to  supply 
by  several  branches  the  skin  of  the  forehead  above  the  head 
of  the  eyebrow  (Figs.  8,  p.  20,  and  54,  p.  123)  ;  near  the 
pulley  a  branch  joins  the  infra-trochlear  branch  of  the  naso- 
ciliary  nerve,  either  before  or  after  leaving  the  orbit,  from 
which  superior  palpebral  twigs  supply  the  skin  and  con- 


Supra-trochlear 
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FIG.  175. — Dissection  of  Left  Orbit  from  above,  to  show  the  levator  palpcbrac 
superioris  (L. )  and  superior  oblique  (O. )  muscles,  and  the  nerves  in  relation. 
Natural  size. 

R.  =  superior  rectus  muscle  ;  G.  —  lacrimal  gland. 

junctiva  of  the  upper  eyelid  and  side  of  the  nose.  The  supra- 
orbital  nerve  (nervus  supra-orbitalis)  is  the  direct  continua- 
tion of  the  frontal  nerve  under  a  different  name  after  it 
has  given  off  the  supra-trochlear  nerve.  It  leaves  the  orbit 
by  passing  through  the  supra-orbital  notch  or  foramen  of 
the  upper  margin,  and  runs  up  over  the  forehead,  sometimes 
grooving  the  bone  deeply,  in  company  with  the  artery  of 
the  same  name  as  far  as  the  occipital  bone.  It  divides  into 
a  smaller  medial  and  a  larger  lateral  main  stem,  the  former 
being  sometimes  called  the  internal  frontal  (which  has  been 
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confused  with  the  supra-trochlear)  and  the  latter  the 
external  frontal  or  supra-orbital  nerve  proper  ;  the  division 

may  occur  within  the  orbit, 
and  the  former  branch  then 
grooves  the  orbital  margin 
in  a  frontal  notch.  Twigs 
are  given  to  the  eyelids,  and 
whilst  traversing  the  supra- 
orbital  notch  to  the  diploe 
and  frontal  sinus.  The 
nerve  is  illustrated  in  Figs. 

8,  54,  175. 

As  variations  of  the 

frontal  nerve,  the  writer  has 
seen  it  provide  a  very  fine 
infra  -  trochlear  branch  in- 
stead of  the  naso-ciliary  ; 
also  a  well-  developed  twig 
was  found  passing  directly 
to  the  superior  oblique 
muscle,  which,  when  traced 
backwards,  was  found  to  be 
derived  from  the  ophthal- 
mic nerve,  and  so  repre- 
sents the  sensory  filaments 
FIG.  176.—  Scheme  to  show  the  distribution  usually  accompanying  the 

f°Urth  nerVe  t0 
The   SUpr 

abnormally     arise     in      a 

leaving  the  orbit  into  a  medial  frontal  branch  (F.)  branch  Of  the  SUDra-Orbital. 
and  a  lateral  frontal  or  supra-orbital  proper. 

N=  the  naso-ciliary  nerve;  it  is  shown  to  give     f^g      writer      nas      found      it 
off  the  sensory  root  to  the  ciliary  ganglion,  the  two 
long  ciliary  nerves  to  the  eyeball,  and,  just  before     duplicated. 
leaving  the  orbit  through  the  anterior  ethmoidal 

canal,  the  infra-trochlear  nerve  (I.T.)  ;  the  rest  of  The  naSO-CiliarV  Or  nasal 

its  course  illustrates  the  description  given  in  the  •* 

text.  nerve    (nervus   nasociliaris] 

L.  =thelacnmal  nerve,  the  anastomosis  of  which  x 

with  the  zygomatico-temporal  branch  of  the  haS  a  long  and  Complicated 
zygomatic  nerve  (Z.)  is  represented.  ° 

course,  since  it  is  found  in 

the  orbit,  in  the  cranial  cavity,  in  the  nasal  cavity,  and  at  the 
tip  of  the  nose  ;  its  parts  and  branches  do  not  always  receive 
the  same  names  in  the  literature.  After  entering  the  orbit 


F.  frontal  nerve,  giving  off  the  supra-trochlear 
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through  the  annulus  of  Zinn  between  the  two  divisions 
of  the  oculomotor  nerve,  it  courses  obliquely  beneath  the 
superior  rectus  muscle,  to  the  tendon  of  which  it  may 
adhere,  and  over  the  optic  nerve  along  with  the  ophthalmic 
artery  towards  the  medial  wall  of  the  orbit,  where  it  lies 
between  the  superior  oblique  and  medial  rectus,  still  in 
company  with  the  artery  ;  it  leaves  the  orbit  by  traversing 
the  anterior  ethmoidal  foramen  (hence  the  name  of  anterior 
ethmoidal  nerve  sometimes  applied  to  it  here)  and  enters 
the  cavity  of  the  cranium,  where  it  crosses  the  forepart  of 
the  cribriform  plate  of  the  ethmoidal  bone  beneath  the  dura 
of  the  anterior  cranial  fossa,  running  along  the  side  of  the 
olfactory  lobe  (Fig.  178)  ;  it  then  passes  through  a  slit, 
the  nasal  fissure  or  anterior  nasal  canal,  at  the  side  of  the 
crista  galli,  enters  the  nasal  cavity  (being  here  related  to 
the  medial  side  of  the  infundibulum  of  the  frontal  sinus), 
and  breaks  up  into  three  terminal  branches.  Two  of  these, 
the  medial  and  lateral  internal  nasal  branches  (rami  nasales 
mediates  et  later  ales),  are  distributed  to  the  forepart  of  the 
nasal  cavity,  but  the  third  is  continued  forwards  as  the 
external  nasal  nerve  to  the  end  of  the  nose.  In  the  orbit  its 
branches  are  : 

(i.)  The  long  or  sensory  root  (radix  longa)  of  the  ciliary 
ganglion  (p.  3C  i),  which  leaves  the  nerve  soon  after  or  even 
before  its  entrance  into  the  orbit,  and  lies  lateral  to  the 
optic  nerve  (Fig.  178)  ;  it  frequently  anastomoses  with  the 
long  ciliary  nerves  and  with  the  short  root  of  the  ganglion 
(Valentin). 

(ii.)  The  long  ciliary  nerves  (nervi  ciliares  longi),  two,  or 
sometimes  three  in  number,  which  lie  also  on  the  lateral  side 
of  the  optic  nerve,  supplying  its  sheath  ;  after  joining  some 
of  the  short  ciliary  nerves,  they  enter  the  eyeball  round  the 
point  of  attachment  of  the  optic  nerve  and  supply  the  iris, 
ciliary  muscle,  and  cornea  with  sensory  filaments,  but  in 
addition  contain  sympathetic  fibres  for  the  dilatator  pupillae 
muscle  (see  pp.  353,  358). 

(iii.)  The  infra-trochlear  nerve  (nervus  infratrochlearis, 
sometimes  referred  to  as  the  external  nasal  branch  in 
contradistinction  to  the  main  trunk,  which  after  this  point 
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of  separation  is  then  known  as  the  internal  nasal  nerve) 
appears  to  be  the  direct  though  more  slender  continuation  of 
the  main  nerve  forward  from  the  point  where  the  latter  turns 
to  enter  the  anterior  ethmoidal  foramen  ;  it  runs  beneath 
the  superior  oblique  muscle  and  trochlea,  forms  a  junction 
with  the  supra-trochlear  nerve,  and  dividing  into  several 
branches,  usually  before  piercing  the  septum  orbitale,  is 
distributed  to  the  parts  of  the  medial  canthus  of  the  eyelid, 
namely  to  the  skin  and  conjunctiva  mainly  of  the  upper 
eyelid  and  to  a  smaller  extent  of  the  lower,  the  root  of 
the  nose,  lacrimal  sac,  canaliculi,  and  caruncle.  Ledouble 
describes  a  filament  passing  through  the  lacrimal  bone  at 
the  point  dacryon  into  the  nose. 

(iv.)  The  three  terminal  branches  in  the  nose  are  : 
(a)  the  medial  internal  nasal  or  septal  branch  (ramus  nasalis 
medialis),  which  supplies  the  mucous  membrane  of  the 
anterior  part  of  the  septum  ;  (b)  the  lateral  internal  nasal 
branch  (ramus  nasalis  lateralis,  but  sometimes  confusedly 
called  the  external  nasal  branch,  or  again,  sometimes 
described  as  a  branch  of  the  latter),  which  supplies  the  fore- 
part of  the  middle  and  inferior  conchae  and  lateral  nasal 
wall ;  and  (c)  the  external  nasal  branch  (anterior  nasal,  ramus 
nasalis  externus  or  nasalis  extremus),  the  continuation  of  the 
main  nerve,  which  passes  along  a  groove  on  the  under 
surface  of  the  nasal  bone,  emerges  between  its  lower  edge 
and  the  upper  lateral  nasal  cartilage,  and  supplies  the  skin 
of  the  cartilaginous  end  of  the  nose. 

As  an  inconstant  branch  within  the  orbit,  there  may 
be  found  in  two  out  of  six  subjects  (Delbet)  the  spheno- 
ethmoidal  nerve  of  Luschka,  or  posterior  ethmoidal  branch 
of  Krause  (ramus  ethmoidalis  posterior),  which  supplies  the 
mucous  membrane  of  the  sphenoidal  air  sinus  and  posterior 
ethmoidal  cells.  Twigs  are  also  said  to  be  supplied  by  the 
naso-ciliary  nerve  to  the  frontal  and  anterior  ethmoidal 
cells  as  it  passes  through  the  anterior  ethmoidal  canal 
(Merkel).  From  a  clinical  point  of  view  it  appears  worth 
noting  that,  according  to  Ledouble,  a  neuralgia  may  recur 
after  section  of  the  supra-orbital  nerve  owing  to  the  escape 
of  the  supra-trochlear  nerve,  and  it  is  only  after  resection 
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of  the  frontal  nerve  itself  that  Koenig  has  been  able  to  cure 
a  stubborn  supra-orbital  neuralgia. 

/  As  variations,  the  naso-ciliary  nerve  has  been  seen  to 
send  branches  to  the  superior  and  internal  recti  and  levator 
palpebrae  superioris  (Krause),  doubtless  representing  the 
sensory  twigs  usually  received  by  the  motor  nerves  to  these 
muscles  in  the  cavernous  sinus.  An  anastomosis  with  the 
lacrimal  nerve  has  been  found  (Laffey).  Instances  are  re- 
corded of  absence  of  the  infra-trochlear  nerve,  the  defici- 
ency being  provided  for  by  the  supra-trochlear  (Testut) .  The 
internal  nasal  branches  may  be  absent  (Merkel),  or  they  may 
enter  the  nose  through  the  posterior  ethmoidal  canal.  Other 
minor  variations  will  be  found  recorded  by  Cruveilhier  (1886). 

The  Maxillary  Nerve  (superior  maxillary,  nervus 
maxillaris)  or  second  division  of  the  trigeminal  is,  like  the 
ophthalmic  division,  purely  sensory.  It  supplies  the  skin 
of  the  cheek,  front  of  the  temporal  region,  lower  eyelid, 
side  of  nose,  and  upper  lip  (Fig.  88,  p.  175)  ;  the  teeth  of 
the  upper  jaw  ;  and  the  mucous  membrane  of  the  nose, 
naso-pharynx,  maxillary  sinus,  posterior  ethmoidal  cells, 
soft  palate,  tonsil,  and  roof  of  the  mouth. 

It  arises  from  the  middle  of  the  semilunar  ganglion  and 
passes  forwards  in  the  lower  part  of  the  lateral  wall  of  the 
cavernous  sinus,  the  position  being  illustrated  in  Figs.  163, 
164,  174. 

It  leaves  the  middle  cranial  fossa  through  the  foramen 
rotundum,  bends  downwards  and  crosses  the  upper  part  of 
the  pterygo-palatine  or  spheno-maxillary  fossa,  and  curving 
laterally  round  the  orbital  process  of  the  palatine  bone  as 
it  forms  the  apex  of  the  floor  of  the  orbit,  enters  that  space 
through  the  inferior  orbital  fissure  at  about  its  mid-point. 
It  runs  forwards  along  the  orbital  floor  parallel  to  the  plane 
of  the  medial  wall,  beneath  the  periorbita  in  the  infra-orbital 
groove  and  canal,  and  emerges  on  the  face  through  the 
infra-orbital  foramen.  In  the  orbital  part  of  its  course  it 
is  called  the  infra-orbital  nerve. 

Branches  are  given  off  from  it  in  the  cranium,  in  the 
pterygo-palatine  fossa,  in  the  infra-orbital  canal,  and  on 
the  face. 
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(i.)  The  cranial  branch  is  the  recurrent  or  middle  menin- 
geal  nerve  to  the  dura  mater. 

(ii.)  The  branches  given  off  in  the  fossa  are  the  zygo- 
matic,  the  spheno-palatine,  and  the  posterior  superior 
alveolar. 

The  zygomatic  nerve  (temporo-malar  or  orbital  nerve  ; 
nervus  zygomaticus  ;  nervus  subcutaneus  malae)  enters  the 
orbit  through  the  inferior  orbital  fissure,  and  running  along 


FIG.  177. — The  Maxillary  Division  of  the  Trigeminal  Nerve,  its  branches  and 
their  connections.     (From  Sappey,  after  Hirschfeld  and  Leveille\ ) 

i  =  semilunar  or  Gasserian  ganglion;  3  — the  maxillary  nerve  ;  4  =  the  zygomatic  branch  with 
its  anastomoses  (5)  with  the  lacrimal  nerve  (2) ;  IT  —  the  facial  nerve  ;  10  is  the  greater  and  12  the 
deep  petrosal  nerves  which  join  to  form  the  Vidian  nerve  (9)  and  enter  the  spheno-palatine 
ganglion  (8).  The  other  branches  can  be  followed  from  the  text. 

the  lateral  wall  divides  into  two  branches,  temporal  and 
malar.  The  temporal  branch  (nervus  zygomaticotemporalis) 
sometimes  grooves  the  orbital  wall  as  it  runs  forwards  in 
close  contact  with  it ;  it  forms  an  important  communication 
with  the  lacrimal  nerve,  as  illustrated  in  Fig.  71,  p.  149, 
the  significance  of  which  has  been  noted  on  p.  214,  and 
passing  either  through  a  canal  in  the  zygomatic  bone  or 
through  the  spheno-zygomatic  suture,  enters  the  temporal 
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fossa.  After  ascending  and  piercing  the  temporal  fascia 
about  25  mm.  or  an  inch  above  the  zygoma,  it  supplies  the 
skin  of  the  forepart  of  the  forehead  up  to  the  lateral  side 
of  the  orbit.  The  malar  branch  (nervus  zygomaticofacialis) 
passes  along  the  lower  lateral  angle  of  the  orbit,  and  after 
traversing  a  canal  of  the  same  name  in  the  zygomatic  bone, 
perforates  the  orbicularis  oculi  muscle  to  supply  the  skin 
of  the  cheek  ;  its  emergence  on  the  face  is  seen  in  Figs.  53, 
89.  Both  branches  of  the  nerve  inosculate  with  twigs  of 
the  facial  nerve.  As  variations,  the  whole  nerve  may  pass 
through  the  bone  before  dividing,  both  branches  may 
traverse  separate  canals,  or  the  temporal  branch  may  pass 
out  by  the  fore -end  of  the  inferior  orbital  fissure  ;  either 
branch  may  be  absent,  its  fellow  supplying  the  deficiency ; 
the  infra-orbital  nerve  may  replace  the  distribution  of 
the  malar,  or  a  twig  from  the  lacrimal  may  be  substituted 
for  the  temporal,  or  vice  versa,  as  previously  noted  on 

P-  340- 

The  spheno-palatine  branches  (nervi  sphenopalatini)  are 

two  or  three  short  thick  twigs  which  pass  directly  downwards 
into  the  spheno-palatine  or  Meckel's  ganglion,  only  a  small 
part  of  their  fibres  actually  traverse  the  ganglion,  the  majority 
passing  lateral  to  or  in  front  of  it  to  be  continued  directly 
on  as  its  branches,  but  whilst  in  neither  case  are  these 
trigeminal  fibres  interrupted  in  the  ganglion,  in  both 
instances  they  receive  sympathetic  nerve  fibres  from  it 
which  accompany  them  to  their  destination  (Piersol,  1919). 
The  ganglion  lies  in  the  upper  part  of  the  pterygo-palatine 
fossa,  close  to  the  spheno-palatine  foramen  ;  it  receives  three 
kinds  of  fibres,  sensory  by  its  branches  from  the  maxillary 
nerve,  motor  (and  probably  also  sensory)  by  the  great 
superficial  petrosal  nerve  from  the  geniculate  ganglion  of 
the  facial  nerve,  and  sympathetic  by  the  great  deep  petrosal 
nerve  from  the  carotid  plexus,  these  two  petrosal  nerves 
running  together  in  the  latter  part  of  their  course  to  enter 
the  ganglion  as  the  Vidian  nerve,  or  nerve  of  the  pterygoid 
canal.  Among  the  numerous  branches  of  the  ganglion, 
which  chiefly  supply  the  palate  and  the  nasal  cavity,  there 
are  to  be  noted  here  as  of  immediate  interest  the  ascending 
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or  orbital  branches  (rami  orbitales),  two  or  three  filaments 
which  enter  the  orbit  through  the  inferior  fissure  and  supply 
the  periorbita,  including  the  involuntary  orbitalis  muscle, 
and  after  traversing  the  posterior  ethmoidal  canal  or  a 
minute  special  aperture,  are  also  distributed  to  the  sphenoidal 
sinus  and  posterior  ethmoidal  air-cells  (Luschka)  ;  it  is 
stated  (Gray)  that  these  minute  filaments  also  supply  the 
lacrimal  gland  (see  p.  214),  and  others  have  been  traced  to 
the  sixth  nerve,  ciliary  ganglion,  and  optic  nerve  sheath 
(Quain). 

The  posterior  superior  alveolar  or  dental  branches, 
usually  two  in  number,  arise  just  before  the  maxillary  nerve 
enters  the  inferior  orbital  fissure  ;  they  descend  on  the 
zygomatic  surface  of  the  maxilla  and  enter  minute  canals 
to  supply  the  molar  teeth,  gums,  and  mucous  membrane 
of  the  maxillary  sinus. 

(iii.)  The  branches  of  the  maxillary  nerve  given  off  in 
the  infra-orbital  canal  are  the  middle  and  anterior  superior 
alveolar  or  dental  nerves  (ramus  alveolaris  superior  medius 
et  anterior).  The  middle  arises  in  the  posterior  part  of  the 
canal  and  runs  downwards  in  the  lateral  wall  of  the  antrum 
to  supply  the  two  premolar  teeth.  The  anterior  (usually 
double)  leaves  the  lateral  side  of  the  main  nerve  in  the 
forepart  of  the  canal,  curves  medially  beneath  the  infra- 
orbital  foramen  in  the  anterior  wall  of  the  antrum,  and 
then  bends  downwards  to  supply  the  incisor  and  canine 
teeth  ;  its  course  is  indicated  in  Fig.  5,  p.  8,  and  further 
reference  has  been  made  to  it  on  p.  16. 

(iv.)  On  the  face,  after  emerging  by  the  infra-orbital 
foramen,  buried  in  fat  about  10  mm.  from  the  skin  surface, 

• 

and  under  cover  of  the  orbicularis  oculi  and  the  caput 
infraorbitale  of  the  quadratus  labii  superioris  muscles,  the 
maxillary  nerve  terminates  by  dividing  into  three  groups 
of  branches  :  the  inferior  palpebral  (rami  palpebrales  in- 
ferior es),  distributed  to  the  skin  and  conjunctiva  of  the 
lower  eyelid  ;  the  lateral  or  external  nasal  (rami  nasales 
externi),  which  supply  the  skin  of  the  side  of  the  nose  ;  and 
the  superior  labial  (rami  labiales  superiores),  which  are  the 
largest  branches,  and  are  distributed  to  the  skin  of  the 
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cheek,  and  the  mucous  membrane  and  skin  of  the  upper  lip. 


"\LEVATOR 


FRONTAL 
NERVE 


CILIARV 
GANGLION 


FRONTAL 
NERVE 


FIG.  178.— Dissection  of  both  Orbits  from  above  ;  superficial  on  the  left  and 
deep  on  the  right,  to  show  the  nerves.     Adult  female.      x  f. 

S.O.  =  superior  oblique  muscle  ;  LEV.  =  levator  falpebrae  superioris  ;  O.N.  =  optic  nerve. 

All  these  branches   inosculate   freely   with   the   zygomatic 
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branch  of  the  facial  nerve,  forming  the  important  infra- 
orbital  sensori-motor  plexus. 

The  Ciliary  Ganglion  and  Sympathetic  Nerve  Supply 
of  the  Eyeball. — The  ciliary  ganglion  (ganglion  ciliare  ;  len- 
ticular or  ophthalmic  ganglion),  which  has  been  referred 
to  above  in  connection  with  the  oculomotor  and  naso-ciliary 
nerves,  is  a  small  mass  of  cells  lying  in  the  apex  of  the  orbit. 
Like  the  spheno-palatine,  otic,  sublingual,  and  submaxillary 
ganglia  connected  with  the  other  two  divisions  of  the 
trigeminal  nerve,  it  corresponds  to  the  terminal  ganglia  of 
the  sympathetic  system,  being  chiefly  composed  of  multi- 
polar  elements  of  three  types,  closely  resembling  stellate 
cells  of  undoubted  sympathetic  nature  found  elsewhere, 
though  it  contains  also  the  bipolar  cells  of  a  cerebro- 
spinal  ganglion.  Developmentally,  in  the  human  embryo 
its  cells  migrated  from  the  semilunar  ganglion  along  the 
ophthalmic  nerve,  and  relatively  few  are  contributed  via 
the  oculomotor  (Kuntz,  1920).  It  is  essentially  a  relay 
station  in  which  certain  fibres,  contributed  by  the  various 
nerves  which  form  its  so-called  roots,  end  in  arborisa- 
tions round  the  ganglion  cells,  the  axons  of  which  pass 
forwards  as  the  short  ciliary  nerves  to  the  globe ;  in 
other  words,  it  serves  as  a  centre  for  the  supply  of  motor, 
sensory,  and  sympathetic  nerves  to  the  eyeball.  It  is 
noteworthy  that  since  the  ciliary  nerves  which  leave  the 
ganglion  contain  many  more  fibres  than  do  the  roots, 
probably  each  of  the  entering  fibres  is  connected  with 
several  cells.  (Langley  and  Anderson,  1892  ;  Retzius,  1894  ; 
Marinesco,  1908  ;  Nicholls,  1915.  The  earlier  literature 
is  given  by  Van  Gehuchten,  1906.) 

It  is  a  small  pink  mass  about  the  size  of  a  pin's  head, 
2  mm.  long,  quadrilateral  in  outline  and  bilaterally  com- 
pressed, though  its  shape  is  obscured  by  fat  and  connective 
tissue.  It  lies  in  the  orbital  fat  near  the  apex  of  the  orbit, 
between  the  lateral  rectus  muscle  and  the  optic  nerve,  and 
close  to  the  ophthalmic  artery,  a  centimetre  in  front  of  the 
annulus  of  Zinn  and  about  15  mm.  behind  the  eyeball ;  it 
is  most  easily  found  by  following  backwards  the  nerve  to 
the  inferior  oblique  muscle,  just  above  which  it  lies  and  to 
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which  it  is  connected  by  a  short  stout  nerve  twig,  its  motor 
root.  This  root,  along  with  two  others,  the  sensory  and 
the  sympathetic,  enters  its  superior  border,  whilst  from  the 
corners  of  the  anterior  margin  there  arise  two  bundles  of 
very  delicate  fibrils,  at  first  sight  not  easily  distinguishable 
from  the  connective  tissue  strands  of  the  orbital  fatty  mass  ; 
these  are  the  short  ciliary  nerves,  and  they  can  be  traced  for- 
wards to  the  eyeball,  which  they  enter  round  the  optic  nerve. 

The  roots  convey  to  the  ganglion  : 
(i.)   Motor  fibres  from  the  oculomotor  nerve, 
(ii.)   Sensory  fibres  from  the  naso-ciliary  branch  of  the 
trigeminal  nerve. 

(iii.)  Sympathetic  fibres  from  the  cavernous  plexus  on 
the  internal  carotid  artery. 

The  motor  or  short  root,  or  para- sympathetic  root  (radix 
brevis),  is  the  thickest,  and  is  derived  from  the  branch  of 
the  oculomotor  nerve  which  supplies  the  inferior  oblique 
muscle.  It  enters  the  postero-inferior  part  of  the  ganglion 
and  carries  two  orders  of  fibres  : 

(a)  Contractile  to  the  iris  (the  sphincter  or  constrictor 
pupillae  fibres)  ;  these  originate  from  cells  situated  in  the 
anterior  part  of  the  nucleus  of  the  third  nerve  in  the  mid- 
brain,  run  along  the  main  trunk  of  the  nerve,  and  end  in 
the  ciliary  ganglion,   whence  the  impulses  are  carried  by 
fresh  fibres  through  the  short  ciliary  nerves  to  the  globe  ; 
degeneration  does  not  occur  in  the  motor  fibre  constituents 
of  these  nerves  after  section  of  the  oculomotor  proximal 
to  the  ganglion  (Van  Gehuchten)  ;   and  the  path  is  therefore 
interrupted  in  the  ganglion.     Contraction  of  the  pupil  has 
been  experimentally  produced  in  animals  by  excitation  of 
the  root  of  the  third  nerve,  and  by  stimulation  of  the  ciliary 
ganglion  or  of  the  short  ciliary  nerves  (Starling,  1920). 

(b)  Contractile  to  the  ciliary  muscle,  the  accommodation 
fibres  ;    these  have  a  similar  origin  and  course,  proved  like- 
wise  by    experiment,   since   stimulation   of   the   semilunar 
ganglion  or  of  the  long  ciliary  nerves  has  no  effect  on  the 
ciliary  muscle. 

The  sensory,  nasal,  or  long  root  (radix  longa)  arises  from 
the  naso-ciliary  branch  of  the  ophthalmic  division  of  the 
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trigeminal  nerve  ;  it  leaves  it  in  the  oculomotor  foramen, 
and  runs  along  the  lateral  aspect  of  the  optic  nerve  as  a  long 
slender  filament  which  enters  the  upper  posterior  angle  of 
the  ganglion.  Its  fibres  are  chiefly  sensory  or  centripetal 
from  the  whole  eyeball,  but  the  most  important  are  those 
from  the  cornea,  and  they  are  not  interrupted  in  the  ganglion  ; 
this  root  is  considered  by  some  authors  to  contain  also 
sympathetic  fibres  effecting  dilatation  of  the  pupil  (vide 
infra),  and  other  fibres  which  cause  relaxation  of  the  ciliary 
muscle  (Poirier). 

The  sympathetic  root  (radix  media  vel  sympathica), 
commonly  multiple,  is  a  minute  filament  which  arises  from 
the  cavernous  plexus  and  runs  forwards  to  enter  the  upper 
posterior  part  of  the  ciliary  ganglion.  It  conveys  vaso- 
constrictor fibres  to  the  whole  eyeball,  vaso-dilator  to  its 
anterior  segment,  and,  it  is  sometimes  stated,  pupillo-dilator 
to  the  iris.  The  fibres  are  interrupted  in  the  ganglion. 

Variations  in  the  number  of  roots  are  common.  The 
motor  root  may  be  absent,  double  or  multiple,  or  may 
bifurcate  before  entering  the  ganglion  ;  it  has  been  found 
arising  from  the  trunk  of  the  third  nerve  or  from  the  sixth 
(Lagrange).  The  sensory  root  is  commonly  absent,  the 
impulses  passing  backwards  through  the  long  ciliary  nerves 
instead  of  partly  through  the  ganglion  ;  it  is  frequently 
fused  with  the  sympathetic  root  ;  on  the  other  hand,  it 
may  be  multiple  ;  it  may  arise  abnormally  either  from  the 
semilunar  ganglion,  from  the  trunk  of  the  ophthalmic 
nerve,  or  from  the  supra-orbital  or  lacrimal  nerve.  The 
sympathetic  root  frequently  fuses  with  the  sensory  before 
entering  the  ganglion  ;  it  is  so  often  multiple  that  some 
authors  consider  this  to  be  the  normal  condition  ;  some  of 
these  fibrils  may  accompany  the  third  nerve.  Additional 
roots  of  the  ganglion  may  be  provided  by  the  superior 
division  of  the  third,  fourth,  sixth,  or  lacrimal  nerves,  or 
by  the  spheno-palatine  ganglion.  As  regards  the  ganglion 
itself,  it  may  be  very  small  or  even  absent,  possibly  due  to 
the  scattering  of  its  constituent  neurones  among  the  nerves 
(Quain),  or  there  may  be  two  or  more  accessory  ganglia  ; 
it  has  been  seen  perforated  by  a  ciliary  artery. 
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The  short  ciliary  nerves,  or  efferent  branches  (nervi 
ciliares  breves),  though  very  variable  in  number,  usually 
consist  of  five  or  six  fine  filaments,  which  leave  the  anterior 
corners  of  the  ganglion  ;  they  subdivide  to  form  from 
twelve  to  twenty  fibres,  and  pass  forwards  between  the 
lobules  of  the  orbital  fat  above  and  below  the  optic  nerve, 
the  lower  group  being  the  more  numerous  ;  they  mix  with, 
and  a  few  are  united  to,  the  long  ciliary  nerves.  They 
pierce  the  eyeball  around  the  optic  nerve  entrance  along 
with  the  short  posterior  ciliary  arteries,  run  forwards  between 
the  sclera  and  the  chorioid,  to  which  they  give  filaments, 
and  end  in  a  rich  plexus  round  the  ciliary  body  (Fig.  159, 
p.  304).  This  plexus  supplies  the  cornea,  ciliary  muscle 
and  iris  with  sensory,  motor  and  sympathetic  fibres  re- 
spectively, the  origin  and  course  of  which  are  illustrated 
below  in  Fig.  179. 

All  the  short  ciliary  nerves  are  mixed,  and  all,  save 
two  or  three,  contain  pupillo-constrictor  fibres.  The  motor 
fibres  supply  the  intrinsic  muscles  of  the  globe,  that  is,  the 
ciliary  muscle  or  muscle  of  accommodation  of  the  lens,  and 
the  sphincter  pupillae  or  circular  muscle  of  the  iris  ;  the 
fibres  are  the  axons  of  cells  situated  in  the  ciliary  ganglion, 
and  transmit  the  impulses  received  from  the  oculomotor 
nerve,  which  are  consequently  interrupted  here.  The  sen- 
sory fibres  of  the  ganglion  receive  impulses  from  all  parts 
of  the  globe,  but  chiefly  from  the  anterior  epithelium  of 
the  cornea  ;  they  are  uninterrupted  in  the  ganglion,  and 
pass  backwards  by  its  sensory  root  into  the  naso-ciliary 
nerve.  Since  this  nerve  also  receives  sensory  fibres  from  the 
globe  through  its  long  ciliary  branches,  it  thus  receives  all 
the  sensory  impulses  from  the  globe  ;  there  is  consequently 
an  intimate  physiological  relation  between  the  skin  and 
mucous  membrane  areas  to  which  the  rest  of  this  nerve 
is  distributed  and  the  sensitive  forepart  of  the  eyeball. 
The  sympathetic  fibres  end  in  the  walls  of  the  blood-vessels 
of  the  eyeball,  but  also  provide  pupillo-dilator  fibres  to 
the  iris. 

Besides  these  short  ciliary  nerves  of  the  globe,  the 
ganglion  also  supplies  a  few  filaments  to  the  sheath  of  the 
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optic  nerve,  and  others  appear  to  be  lost  in  the  orbital  fat 
near  the  globe. 

The  ciliary  ganglion  has  been  supposed  to  play  a  direct 
role  in  the  formation  of  the  aqueous  humour,  and  to  become 
of  importance  in  glaucoma,  but  this  view  is  now  proved 
untenable.  Landolt  found  that  it  contained  no  excito- 
glandular  filaments,  and  it  neither  plays  any  part  in  the 
production  of,  nor  does  its  ablation  prevent  the  formation 
of  the  aqueous  ;  Chimanowski  showed  also  that  the  gang- 
lion bears  no  relation  to  the  intra-ocular  tension.  It  may 
be  added  that  Schweinitz  (1903)  states  that  experimental 
lesions  of  the  ganglion  do  not  cause  neuro-paralytic  keratitis, 
and  its  extirpation  does  not  form  trophic  lesions,  contrary 
to  the  results  of  resection  of  the  cervical  sympathetic. 
^Finally,  it  is  to  be  noted  that  the  nerve  plexus  in  the  iris 
appears  to  be  able  to  act  independently  of  the  ciliary  gang- 
lion, and  is  of  the  same  nature  as  such  post-ganglionic 
plexuses  of  the  sympathetic  system  as  those  of  Auerbach 
and  Meissner  in  the  intestines,  since  it  has  been  found  to 
persist  after  complete  separation  of  the  iris  from  the  central 
nervous  system  by  removal  of  the  ciliary  ganglion  and 
superior  sympathetic  ganglion  in  the  neck,  a  fact  that 
explains  the  contraction  of  the  pupil  on  exposure  to  light, 
as  found  by  Brown-Sequard,  and  its  dilatation  by  atrophine, 
as  shown  by  de  Rupter,  in  the  excised  eyeball  (Pollock, 

19*3)  • 

The  probable  origin  arid  course  of  the  sympathetic  nerve 

supply  to  the  eyeball  is  illustrated  in  Fig.  179.  Briefly,  it 
is  first  to  be  noted  that  excitation  of  certain  cortical  regions 
on  the  brain  surface  of  animals  (for  example,  in  the  occipital 
region  or  in  the  sensori-motor  area)  cause  dilatation  of 
the  pupil,  accompanied  by  all  the  symptoms  of  excitation 
of  the  sympathetic  cord  in  the  neck,  and  Schafer  has  found 
that  constriction  of  the  pupil  can  be  obtained  by  stimulation 
of  the  quadrate  lobe  in  monkeys,  though  these  results  may 
be  associated  effects,  and  do  not  necessarily  imply  cortical 
"  centres  "  for  pupillary  movements  (Parsons,  1904).  Then, 
the  pupillo-dilator  fibres  are  considered  to  arise  from  a 
supposed  centre  situated  in  the  mid-brain,  near  the  origin 
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of  the  constrictor  tract  in  the  forepart  of  the  oculomotor 
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FIG.  179. — Diagram  of  the  Ciliary  Ganglion  with  its  connections,  and  the  origin 
and  course  of  the  pupillo-dilator  sympathetic  nerve  fibres  (in  red).  F"or  simpli- 
fication, sensory  fibres,  though  present,  are  not  drawn  in  the  long  ciliary  nerves. 
For  description  see  text. 

nucleus,  whence  they  pass  through  the  medulla  into  the 
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lateral  columns  of  the  spinal  cord  ;  and  further,  Dupuy 
has  shown  that  puncture  of  the  restiform  body  (inferior 
cerebellar  peduncle)  in  the  medulla  produces  exactly  opposite 
effects  to  destruction  of  the  sympathetic  cord  in  the  neck. 
There  would  therefore  appear  to  be  evidence  of  cerebral 
centres  which  may  influence  the  sympathetic  nerve  supply 
to  the  orbit. 

The  first  place,  however,  from  which  the  course  of  the 
sympathetic  fibres  can  more  definitely  be  traced  is  the  spinal 
cord  at  the  root  of  the  neck,  there  being  strong  clinical  and 
experimental  evidence  for  the  assumption  of  a  spinal  centre 
(the  centrum  ciliospinale  inferius  of  Budge)  situated  between 
the  levels  of  exit  of  the  sixth  cervical  and  fourth  thoracic 
nerves.  The  pupillo-dilator  fibres  have  been  traced  in 
animals  to  leave  the  spinal  cord  by  the  ventral  roots 
of  the  first  three  thoracic  nerves  (Langley),  and  to  pass 
from  them  by  the  white  rami  communicantes  into  the  first 
three  thoracic  ganglia  (or  first  thoracic  only)  of  the  sympa- 
thetic cord.  The  fibres  then  pass  up  through  the  inferior 
and  middle  cervical  ganglia  to  reach  the  superior  ganglion, 
round  the  cells  of  which  they  terminate  ;  this  is  their  first 
interruption  since  leaving  the  spinal  cord,  and,  according 
to  Parsons,  the  only  one  in  their  passage  to  the  eyeball. 
From  the  cells  of  the  superior  cervical  ganglion  fresh  fibres 
carry  the  impulses  by  its  superior,  ascending,  or  carotid 
branch  or  branches  (nervus  caroticus  internus)  which  accom- 
pany the  artery  through  the  carotid  canal  into  the  skull. 
Here  the  nerve  breaks  up  into  a  plexus  of  fine  nerve  fibres, 
closely  adherent  to  the  vessel,  and  subdivided  into  a  lower 
carotid  plexus  (plexus  caroticus  internus),  which  lies  on  the 
lateral  side  of  the  artery  near  the  apex  of  the  petrous  bone, 
and  the  upper  cavernous  plexus  (plexus  cavernosus),  lying 
medial  and  inferior  to  the  artery  as  it  lies  in  the  cavernous 
sinus. 

Numerous  fine  branches  arise  from  these  sympathetic 
plexuses,  and  their  terminal  filaments,  continued  along  the 
branches  of  the  artery,  are  connected  around  the  anterior 
communicating  artery  with  the  corresponding  system  on 
the  opposite  side.  The  branches  which  enter  the  orbit 
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nearly  all  arise  from  the  cavernous  plexus,  and  proceed  as 
follows  : 

(i.)  To  the  third  nerve,  at  its  point  of  division  (recognisable), 
(ii.)  To  the  fourth  nerve  (doubtful). 

(iii.)  To  the  sixth  nerve  as  it  crosses  the  internal  carotid  artery 
in  the  cavernous  sinus  (from  the  carotid  plexus) . 

(iv.)  To  the  semilunar  ganglion  and  also  to  the  ophthalmic 
division  of  the  fifth  nerve  (recognisable  on  its  under 
surface). 

(v.)  To  the  ciliary  ganglion,  as  its  sympathetic  root  from  the 
forepart  of  the  cavernous  plexus,  entering  the  orbit  through 
the  superior  orbital  fissure. 

(vi.)  Vascular  branches  as  a  very  fine  plexus  are  continued  along 
the  ophthalmic  artery  and  each  of  its  twigs  (derived  from 
both  plexuses). 

These  sympathetic  fibres  control  in  the  orbit  the  dila- 
tator pupillae  muscle  fibres  of  the  iris,  the  vaso-constrictor 
mechanism  of  the  blood-vessels  of  the  orbit  and  eye- 
ball, and  the  palpebral  involuntary  muscles,  and  provide 
trophic  fibres  to  all  the  structures.  The  lacrimal  gland, 
though  affected  by  experimental  excitation  of  the  sympa- 
thetic, which  causes  secretion  of  tears,  probably  also  receives 
secretory  fibres  from  the  seventh  nerve  (see  p.  214).  Accom- 
modation of  the  lens  is  probably  unaffected  by  the  action  of 
the  sympathetic,  and  it  has  not  been  shown  that  the  latter 
can  provoke  a  negative  accommodation. 

As  regards  the  pupillo-dilator  fibres,  it  is  first  to  be 
noted  that  the  dilatation  of  the  pupil  is  accompanied  by 
contraction  of  the  radial  muscle  fibres  (the  existence  of 
which  is  now  definitely  proved)  on  the  one  hand,  and  by 
inhibition  of  the  sphincter  fibres  on  the  other,  the  reverse 
of  what  happens  when  contraction  of  the  pupil  occurs  ;  and 
its  movements  are  independent  of  the  state  of  its  blood- 
vessels. There  is  a  difference  of  opinion  as  to  whether  the 
dilator  fibres  reach  their  destination  by  passing  (a)  along 
the  sympathetic  root  of  the  ciliary  ganglion  and  into  the 
short  ciliary  nerves  (Merkel,  Poirier,  Piersol,  Pegler),  or  (b) 
along  the  sympathetic  branch  to  the  semilunar  ganglion, 
and  thence  into  the  naso-ciliary  branch  of  the  ophthalmic 
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nerve,  to  reach  the  globe  by  the  long  ciliary  nerves,  a 
path  which  avoids  the  ciliary  ganglion  (Testut,  Parsons, 
Schweinitz,  Gray,  Weeks,  Halliburton).  Since  excitation 
of  either  the  semihmar  ganglion  or  of  the  long  ciliary 
nerves  causes  a  dilatation  of  the  pupil,  the  latter  path 
appears  the  chief  one,  a  point  that  Testut  is  emphatic 
upon.  Starling  (1920)  states  that  they  travel  by  both 
routes  ;  the  short  ciliary  nerves  contain  both  constrictor 
(oculomotor)  and  dilator  (sympathetic)  fibres,  and  when 
they  are  stimulated  electrically  both  the  sphincter  and 
the  radial  muscles  of  the  iris  contract,  but  the  sphincter, 
being  the  more  powerful,  will  overcome  the  other,  and 
therefore  the  pupil  will  contract.  Cutting  the  sympathetic 
anywhere  causes  contraction,  and  section  of  the  oculomotor 
nerve  produces  dilatation  of  the  pupil.  The  mechanism 
of  the  "  light-reflex  "  is  described  on  p.  385. 

The  Optic  Nerve  (nervus  opticus),  the  second  cranial 
nerve,  and  the  special  nerve  of  sight,  extends  from  the 
eyeball  to  the  optic  chiasma,  and  is  a  part  only  of  the  visual 
tract.  The  great  majority  of  its  fibres  originate  as  the  axis 
cylinder  processes  of  the  ganglion  cells  which  comprise  the 
third  or  inner  fundamental  layer  of  the  retina.  Passing 
backwards  from  the  eyeball  through  the  orbit  and  optic 
canal  to  the  optic  chiasma  (commissure),  where  part  of 
them  decussate,  these  fibres  are  carried  on  without  interrup- 
tion under  the  name  of  the  optic  tract  to  certain  ganglionic 
masses  of  the  mid-brain  known  as  the  primary  or  lower 
visual  centres,  namely,  the  lateral  geniculate  body,  the 
pulvinar  of  the  optic  thalamus,  and  the  superior  colliculus 
or  quadrigeminal  body.  Here  the  great  majority  of  the 
retinal  fibres  terminate,  but  fresh  fibres  of  cells  in  these 
bodies  form  a  tract,  the  optic  radiation,  which  transmits  the 
visual  impressions  to  the  cortex  of  the  occipital  lobe  of  the 
brain,  which  constitutes  the  higher  visual  centre.  The  first 
half  of  the  pathway  lies  outside  the  brain,  the  second  part 
is  deeply  buried  within  its  substance.  These  several  parts 
of  the  whole  visual  tract  from  retina  to  cortex  are  repre- 
sented diagrammatically  in  the  figure  opposite. 
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The  so-called  optic  nerve,  therefore,  is  only  a  part  of  a 
continuous  tract  of  fibres  extending  from  the  eyeball  to  the 
mid-brain.  Moreover,  since  the  retinal  cells  from  which 
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FIG.  1 80. — Scheme  to  represent  the  main  parts  of  the  visual  pathways. 

these  fibres  arise  are  not  the  primary  but  the  tertiary 
elements  of  the  visual  tract  (the  visual  impressions  having 
previously  traversed  two  sets  of  neurones,  those  of  the  rods 
and  cones  and  those  of  the  bipolar  cell  layer),  and  as  is 
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shown  further  by  its  development  as  an  outgrowth  from  the 
brain,  and  by  its  structure  and  enveloping  membranes, 
the  optic  nerve  is  not  homologous  with  the  other  cerebro- 
spinal  nerves,  but  is  really  a  part  of  the  central  nervous 
system,  and  corresponds  to  an  outlying  tract  of  brain  fibres. 
It  is  first  formed  by  the  development  of  the  optic  vesicle, 
which  is  an  outgrowth  from  the  ventral  surface  of  the  fore- 
brain  ;  the  vesicle  becomes  collapsed  by  the  invagination 
of  its'  distal  wall  and  forms  the  optic  cup,  into  which  the 
lens,  an  ectodermal  derivative,  is  received,  whilst  the  sur- 
rounding mesoderm  gives  rise  to  the  coats  of  the  eyeball. 
The  narrow  tube  connecting  the  vesicle  to  the  brain  is 

called  the  optic  stalk,  which  later 
becomes  solid.  The  outer  layer  of 
the  cup  forms  the  hexagonal  pigment 
cells  of  the  retina,  and  the  inner  layer 
develops  into  the  retina  proper.  The 
central  processes  of  the  neuroblasts 
of  the  latter  extend  backwards  along 
the  optic  stalk  and  form  the  optic 
ary  Optic  Vesicle  and  the  nerve,  chiasma,  and  tract.  The  in- 

Agination  is  on  the  infero-medial  side 
of  the  vesicle  rather  than  in  front,  and 
the  infolding  also  affects  the  adjacent  part  of  the  stalk, so  that 
the  whole  formation  may  be  likened  to  a  spoon  with  a  deep 
bowl  and  a  groove  extending  down  the  handle.  In  this 
groove  anteriorly  the  central  vessels  of  the  retina  become 
enclosed,  and  as  a  developmental  error  the  optic  disc,  or 
the  nerve  and  its  sheath,  may  present  a  cleft  or  coloboma  at 
the  side  of  the  infolding.  The  development  of  the  nerve 
has  been  specially  studied  by  Seefelder  (1908-9-10),  and 
good  accounts  are  also  given  by  Druault  (1912),  Keibel  and 
Mall  (1912),  and  by  Nussbaum  (1912).  The  development 
of  the  medullary  sheaths  is  given  by  Sattler  (1915),  who 
confirms  Bernheimer's  observation  that  they  develop  from 
the  chiasma  towards  the  eyeball,  and  at  birth  have  almost 
reached  it. 

Structurally,  the  optic  nerve  is  constituted  by  800  to 
1200  fasciculi  of  myelinated  fibres,  of  which  there  are  nearly 
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half  a  million,  divisible  into  two  classes,  fine  and  coarse, 
the  latter  being  much  more  numerous  (Salzer,  Gudden)  ; 
they  have  been  found  to  increase  in  number  in  growing 
animals  as  age  advances  (Boughton,  1906).  The  fibres, 
unlike  those  of  the  cerebro-spinal  nerves,  and  like  those  of 
the  brain  tracts,  are  denude  of  a  sheath  of  Schwann,  and 
also  present  similarity  to  the  latter  in  being  supported  by 
neuroglia,  the  disposition  of  which  has  been  specially 
studied  by  Jacoby  (1905).  It  is  also  not  uncommon  to 
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FIG.  182. — Cross  section  through  the  Optic  Nerve  and  its  Sheaths.     The  central 
vein  is  seen  to  the  right  and  above  the  central  artery  of  the  retina.      x   10. 
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find  corpora  amylacea  present  (Quain).  The  fasciculi  into 
which  the  fibres  are  collected  are  separated  by  connective 
tissue  containing  many  elastic  fibres,  and  by  lymph  spaces. 
Ogawa  (1905-6)  considers  that  the  pigment  cells  found  in 
the  nerve  in  the  region  of  the  lamina  cribrosa  and  some- 
times seen  with  the  ophthalmoscope  on  the  optic  papilla 
are  hereditary  anomalies,  being  correlated  with  the  tint  of 
the  skin. 

The  nerve  is  pierced  on  its  lower  and  medial  aspect  some 
10  or  15  mm.  behind  the  eyeball  by  the  central  vessels  of  the 
retina  (p.  303)  accompanied  by  a  fine  sympathetic  plexus, 
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sometimes  called  the  nerve  of  Tiedemann  ;  the  vein  usually 
runs  lateral  to  the  artery,  and  they  are  enveloped  by  separate 
pial  sheaths  ;  their  position  as  they  run  in  the  centre  of  the 
nerve  is  seen  in  the  above  figure.  The  central  artery  supplies 
both  its  anterior  and  posterior  parts  whilst  in  the  orbit, 
where  blood  is  also  conveyed  to  it  by  ciliary  twigs,  and  in 
the  cranium  it  receives  arterioles  from  the  anterior  cerebral 
artery.  Its  venules  are  tributaries  of  the  central  vein  of 
the  retina  and  the  ciliary  veins,  and  of  the  cranial  veins 
posteriorly. 

The  nerve  is  enveloped  by  sheaths  from  each  of  the 
three  meninges  of  the  brain  ;  the  pia  mater  intimately 
clothes  it  throughout  its  whole  extent  (though  separated 
from  the  nerve  fibres  at  intervals  by  a  layer  of  neuroglia), 
and  sends  prolongations  into  its  substance  which  are 
continuous  with  the  septa  between  the  fasciculi ;  the 
arachnoid  membrane  comes  into  contact  with  it  about 
half-way  along  its  intra-cranial  course  as  it  emerges  from 
the  cisterna  basilis  ;  the  dura  mater,  which  is  continued  as 
a  lining  to  the  optic  canal,  splits,  as  previously  described,  at 
the  orbital  opening  of  this  channel  to  become  continuous 
with  the  periorbita  on  the  one  hand  and  to  form  a  stout  and 
somewhat  loose  sheath  for  the  nerve  in  the  orbital  part  of 
its  course  on  the  other  (Figs.  138,  170,  185).  All  three  mem- 
branes are  continued  along  the  nerve  up  to  the  eyeball, 
where  they  fuse  with  the  sclera,  though  part  of  the  pia 
becomes  continuous  with  the  chorioid  coat  of  the  nerve. 

Similarly,  the  sub-dural  and  sub-arachnoid  spaces  of 
the  brain  between  the  membranes  are  continued  along  the 
nerve,  and  injections  in  them  can  be  pushed  up  to  the  sclera, 
where  they  end,  as  seen  in  the  next  figure  ;  they  are  lined 
by  endothelium.  It  is  stated  that  with  pressure  a  sub- 
arachnoid  injection  will  pass  between  the  fasciculi  and 
enter  their  lymph  spaces,  indicating  the  probable  path  of 
elimination  of  the  lymph  or  tissue  fluid  in  the  reverse 
direction;  the  injection  can  even  be  made  to  enter  the 
peri-chorioidal  space  of  the  eyeball  (Poirier),  but,  on  the 
other  hand,  Behr  (1912)  found  no  elimination  of  fluids  from 
the  globe  into  the  nerve.  It  is  to  be  noted  that  since  the 
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arachnoidea  round  the  nerve  is  very  thin  (and,  indeed, 
said  to  be  incomplete)  and  more  closely  united  to  the  pia 
than  elsewhere,  the  sub-arachnoid  space  is  very  much 
reduced  and  not  easy  to  identify.  The  sub-dural  space, 
on  the  contrary,  is  obvious  in  any  section  of  the  nerve 
with  its  sheaths  (Figs.  182,  183,  185)  ;  it  differs  from  that 
round  the  brain  in  being  traversed  at  intervals  by  connective- 
tissue  strands. 

The  nerve  is  divided,  according  to  its  anatomical  relations, 
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FIG.  183.— Longitudinal  section  through  the  Optic  Nerve  at  its  point  of  emergence 
from  the  Eyeball,  and  passing  through  the  Optic   Disc.       x    13. 

into  four  parts,  since  it  traverses  successively  the  sclera, 
the  orbit,  the  optic  canal,  and  the  cranial  cavity.  The  total 
length  is  about  45  to  50  mm.,  or  2  inches,  made  up  by  a  scleral 
portion  of  nearly  i  mm.,  an  orbital  part  of  20  to  30  mm., 
an  intra-osseous  length  of  4  to  10  mm.,  and  an  intra-cranial 
part  of  10  mm.,  varying  from  4  to  16  mm.,  or,  roughly,  i, 
25,  10,  10  mm.  respectively ;  the  two  nerves  are  seldom  of 
equal  length.  Its  diameter  in  the  orbit  is  3  or  4  mm.,  and 
within  the  skull  varies  from  4  to  7  mm.,  but  is  commonly 
4-5  mm.  in  cross  diameter. 

(i.)  The  scleral  or  intra-bulbar  part  is  composed  of  the 
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nerve  fibres  as  they  collect  together  at  the  optic  disc  and 


FIG.  184.  —  Dissection  of  Head  of  Adult  Male  Subject  to  show  the  Orbits  from 
above.  The  bone  has  been  removed  from  above  the/left  orbit,  leaving  the 
periorbita  intact  and  showing  its  connection  with  the  dura  mater  lining  the 
middle  cranial  fossa  ;  the  muco-periosteal  lining  of  the  frontal  and  ethmoidal 
air-cells  has  also  been  exposed.  On  the  right  side  the  orbit  has  been  dissected 
to  show  the  optic  nerve  crossed  by  the  naso-ciliary  nerve  and  ophthalmic  artery. 
Note  the  position  of  the  chiasma  relative  to  the  sphenoidal  bone  and  sella  turcica. 
The  course  of  the  optic  tracts,  indicated  by  the  dots,  can  be  traced  round  the 
cut  crura  cerebri  to  the  grey  masses  of  the  lateral  geniculate  body  and  pulvinar. 
The  distance  between  the  optic  nerve  at  its  entrance  into  the  eyeball  and  the 
lateral  orbital  margin  is  30  mm.  ;  between  the  optic  foramen  and  zygoma  (the 
edge  of  which  is  bared  on  the  left)  is  55  mm.  ;  and  between  the  centre  of  the 
chiasma  and  the  zygoma  is  70  mm. 

There  is  an  abnormal  double  superior  oblique  muscle  in  this  specimen.      The 
same  preparation  is  viewed  from  the  side  in  Fig.  133. 


x      . 


pierce  the  chorioid  and  the  lamina  cribrosa  of  the  sclera  ; 
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the  nerve  here  is  only  1-5  mm.  in  diameter,  since  the  fibres 
do  not  become  myelinated  or  supported  by  neuroglia  until 
they  have  passed  out  of  the  globe  (Fig.  183). 

(ii.)  The  intra-orbital  part  of  the  nerve  extends  from 
the  eyeball  to  the  anterior  optic  foramen,  and  emerges 
from  the  former  i  mm.  below  and  3  mm.  to  the  nasal  side 
of  its  posterior  pole  (Fig.  132,  p.  255)  ;  whilst  the  course  of 
the  nerve  roughly  corresponds  to  the  long  axis  of  the  orbit, 
it  is  not  straight,  but  describes  two  variable  curves,  usually 
bending  downwards  in  its  forepart  and  laterally  in  its  hinder 
half,  as  seen  in  Fig.  184  ;  the  nerve  is  therefore  a  little 
longer  than  the  distance  between  the  eyeball  and  the  optic 
foramen,  and  Weiss  in  sixty  subjects  found  its  length  to 
average  24  mm.  (ranging  between  20  and  30  mm.),  whilst 
the  distance  between  the  globe  and  the  foramen  was  18 
mm.  (14  to  24)  ;  this  surplus  or  slack  of  5  or  6  mm.  is  associ- 
ated with  the  mobility  of  the  globe,  being,  like  the  curves, 
greater  in  animals  with  very  mobile  eyes,  such  as  the  chame- 
leon, and  less  in  exophthalmos.  In  extreme  movements 
of  the  eyeball  the  nerve  becomes  nearly  straight,  and  indeed 
it  can  be  stretched  enough  in  certain  conditions  to  affect 
the  optic  disc  and  form  a  "  conus." 

The  relations  of  the  nerve  in  the  orbit  are  as  follows. 
It  is  surrounded  by  the  fascia  bulbi  as  it  leaves  the  globe, 
though  this  is  the  weakest  and  most  ill-defined  part  of  the 
membrane.  The  posterior  ciliary  arteries  and  .  nerves 
surround  its  anterior  half  and  pierce  the  globe  round  it 
(Fig.  132,  p.  255).  The  central  vessels  of  the  retina  enter 
on  its  infero-medial  aspect  about  half-way  along  its  course. 
It  is  crossed  superficially  by  the  naso-ciliary  nerve  and  also 
by  the  ophthalmic  artery  (Fig.  184),  though  in  15  per  cent 
of  cases  the  vessel  passes  beneath  it ;  further  back  the  artery 
lies  on  its  lateral  aspect.  On  this  side  also  is  found  the 
inferior  division  of  the  third  nerve  and  the  ciliary  ganglion. 
At  the  apex  of  the  orbit  it  is  closely  surrounded  by  the 
recti  muscles  at  their  origin  from  the  annulus  of  Zinn  ;  the 
superior  and  medial  recti  arise  partly  from  the  sheath  of  the 
nerve,  a  fact  that  probably  accounts  for  painful  movements  of 
these  muscles  in  inflammation  of  the  nerve,  but  the  lateral 
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rectus  is  separated  from  it  by  the  third,  naso-ciliary,  and  the 
sixth  nerves.  Its  relative  position  in  regard  to  the  muscles  is 
well  displayed  in  Fig.  141,  p.  264,  and  also  in  Fig.  185,  from 
which  it  will  also  be  realised  how  completely  it  is  surrounded 
by  the  orbital  fat ;  the  latter,  it  may  be  noted,  extends 
furthest  into  the  apex  of  the  orbit  below  the  nerve. 

Lagrange    (1903),    quoting   Lange,   gives   the   following 


FIG.  i8s. — Sections  through  the  right  orbital  contents,  seen  from  in  front,  after 
removal  intact  within  the  periorbita,  to  show  the  relations  of  the  muscles  to 
the  optic  nerve.  The  ophthalmic  artery  is  also  seen  presenting  different  relations 
in  its  course  forwards  through  the  orbit.  The  sheath  of  the  nerve  is  well  shown. 
The  sections  were  made  5,  15,  20,  and  25  mm.  behind  the  eyeball.  Natural 
size. 

distances  in  millimetres  which  separate  the  nerve  from  the 
orbital  walls  at  various  points  : 
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(iii.)  The  intra-osseous  or  canalicular  part  of  the  nerve, 
as  it  traverses  the  optic  canal,  has  the  ophthalmic  artery 
embedded  in  its  sheath  first  to  the  lateral  side  and  then 
below  it  ;  by  this  sheath  the  nerve  is  firmly  fixed  to  the 
walls  of  the  canal,  especially  superiorly.  The  relations  of 
the  canal  to  the  sphenoidal  sinus  have  been  described  above 
on  p.  27. 

(iv.)  The  intra-cranial  part  of  the  nerve,  from  the 
posterior  aperture  of  the  optic  canal  to  the  chiasma,  is 
flattened  instead  of  being,  as  previously,  round,  measuring 
about  5  mm.  by  3  mm. ;  it  is  surrounded  by  pia  mater  and 
arachnoid,  and  above  it  lies  a  falciform  fold  of  the  dura 
mater  prolonged  a  short  distance  behind  the  upper  border 
of  the  canal.  Superiorly,  it  is  separated  from  the  medial 
root  of  the  olfactory  tract  and  lateral  part  of  the  anterior 
perforated  substance  by  the  anterior  cerebral  artery  ;  later- 
ally lies  the  internal  carotid  artery  (Figs.  172,  174),  and 
infero-laterally  the  origin  of  the  ophthalmic  artery,  the 
varying  relations  of  which  to  the  nerve  have  been  mentioned 
above  on  p.  301  ;  the  sheath  of  the  nerve  is  firmly  con- 
nected to  the  internal  carotid  artery  at  the  point  of  origin 
of  the  ophthalmic  vessel,  since  the  latter  becomes  embedded 
in  the  sheath  (Fig.  164).  Stopford  (1917)  notes  the  possible 
compression  of  the  nerve  by  the  internal  carotid  artery  in 
disease.  Beneath  the  nerve  are  the  diaphragma  sellae  and 
the  sphenoidal  sinus  in  the  body  of  the  sphenoidal  bone. 
The  nerve  does  not  lie  exactly  in  the  optic  groove  or  sulcus 
chiasmatis  on  the  upper  aspect  of  this  bone,  but  is  placed 
lateral  to  it  (vide  infra). 

The  Optic  Chiasma  or  commissure  (chiasma  opticum), 
formed  by  the  junction  of  the  two  optic  nerves,  is  trans- 
versely oblong  in  shape,  but  varies  in  size  in  different 
subjects.  The  transverse  width  in  fifteen  specimens  has  been 
found  to  average  12-8  mm.  (Gerard,  1904),  and  in  thirty-six 
specimens  a  mean  of  13-29  mm.  was  found,  with  extremes  of 
from  10  to  19  mm.  ;  the  antero-posterior  width  in  thirty-two 
cases  varied  from  4  to  13  mm.,  with  an  average  of  8  mm. 
(Zander,  1896)  ;  it  is  from  3  to  5  mm.  thick.  The  dimensions 
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in  the  specimen  illustrated  in  Fig.  184  are  :  breadth,  13  mm. ; 
antero-posterior  width,  n  mm.  ;  thickness,  3  mm.  ;  that 
in  Fig.  168  is  13  mm.  broad  also.  It  is  intimately  clothed 
by  the  pia  mater,  and  lies  in  the  cisterna  basalis  of  the  sub- 
arachnoid  space  on  the  body  of  the  sphenoidal  bone.  As 
regards  the  overlying  brain,  above,  the  chiasma  is  related 
to  the  third  ventricle,  in  the  anterior  part  of  the  floor  of 
which  it  forms  a  prominence  ;  behind  it  is  the  tuber  cinereum, 
from  which  springs  the  infundibulum  or  stalk  of  the  hypo- 
physis cerebri  (pituitary  body)  ;  laterally  is  the  anterior 
perforated  substance  (through  which  there  pass  the  basal 
branches  of  the  middle  and  anterior  cerebral  arteries) 
and,  more  anteriorly,  the  olfactory  tubercle  at  the  base  of 
the  olfactory  tract.  A  more  important  relation  is  the 
internal  carotid  artery,  which,  ascending  to  the  brain  after 
piercing  the  roof  of  the  cavernous  sinus,  is  in  close  contact 
with  the  lateral  side  of  the  chiasma  just  before  dividing  into 
the  anterior  and  middle  cerebral  vessels  (Fig.  172)  ;  the 
two  anterior  cerebral  arteries,  united  by  the  anterior  com- 
municating vessel,  lie  likewise  in  contact  with  the  front  of 
the  chiasma,  and  aneurysms  of  these  vessels  could  compress 
it  against  the  cranial  base  (Mitchell  and  Bramwell).  As 
regards  its  relations  to  the  base  of  the  skull,  it  is  to  be  noted 
that  the  chiasma  does  not  lie  in  the  sulcus  chiasmatis_ofjhe 
body  of  the  sphenoidal  bone,  as  is  usually  stated,  but  over 
the  tiiberculum  sellae  (olivary  eminence)  behind  this  groove, 
as  in  Fig.  169,  or  even  further  back  still  and  over  the 
diaphragma  sellae,  covering  the  hypophysis  cerebri,  as 
in  Figs.  184,  186  ;  the  further  back  the  chiasma  lies  the 
more  acute  will  be  the  angle  formed  by  the  two  optic 
nerves  as  they  enter  it.  The  exact  position  has  been 
studied  by  Zander  (1896),  Lawrence  (1894),  who  describes 
the  development  of  the  bony  parts  in  this  region,  and  Wallis 
(1917)  from  the  clinical  point  of  view.  The  last-named 
author  examined  eleven  subjects,  and  in  only  one  did  the 
chiasma  lie  in  the  generally  described  position  ;  he  found 
it  usually  to  lie  over  the  diaphragma  and  partly  oh  the 
dorsum  sellae,  as  is  seen  in  the  figures  last  referred  to  ;  he 
concludes,  in  agreement  with  Lawrence  and  Zander,  that 
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whilst   the   chiasma  does   occasionally  rest   on  the   sulcus 
chiasmatis,  it  is  nearly  always  completely  posterior  to  this 
groove.     Traquair  (1916)  considers  it  to  lie  above  the  pos- 
terior half  of  the  fossa  hypophyseos  (sella  turcica) ,  and  its ; 
posterior   edge   is    on    an   average    1-58    mm.    behind  the v 
dorsum  sellae,  and  only  exceptionally  in  front  of  this  point 


FIG.  1 86. — Half  section  of  Head,  adult  male,  showing  right  lateral  nasal  wall;  the 
relative  position  of  the  fossa  for  the  lacrimal  sac  is  indicated  by  the  white  outline. 
The  position  of  the  optic  chiasma  (C. ),  lying  well  above  the  hypophysis  or 
pituitary  body  (P.)  and  behind  the  sulcus  chiasmatis,  is  seen,  and  the  third 
ventricle  (V. )  is  shown  in  its  relation  to  both.  x  f . 

(Zander).  Changes  in  the  position  of  the  sella  turcica,  it 
may  be  noted,  have  been  found  associated  with  hereditary 
optic  atrophy  (Fisher,  1916  ;  Taylor,  1919).  It  is  to  be 
noted  further  that  the  chiasma  does  not  lie  in  close 
contact  with  the  diaphragma  and  the  hypophysis,  but  is 
separated  from  them  by  a  space,  the  cisterna  basalis  of 
the  sub-arachnoidea  ;  the  interval  is  from  4  mm.  (Traquair) 

2  B 
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to  7-5  mm.  (Hirsch),  or  even  10  mm.  (Cope,  1916).  In 
the  specimen  illustrated  in  Fig.  186  the  distance  is  8  mm. ; 
in  Fig.  133,  p.  257,  where  the  interval  between  the  chiasma 
and  the  hypophysis  is  clearly  seen,  it  measures  5  mm. 

The  relation  of  the  sphenoidal  air-sinuses  to  the  chiasma 
will  naturally  depend  upon  their  degree  of  backward 
extension  (see  p.  62).  They  may  extend  only  as  far 
back  as  the  posterior  lip  of  the  olivary  eminence,  and  lie 
altogether  in  front  of  the  fossa  hypophyseos  and  the  normally 
situated  chiasma,  but  Cope  (1917)  found  them  more  often 
to  undermine  the  whole  fossa,  and  they  are  often 
separated  from  it  by  only  a  thin  plate  of  bone,  as  in 
Fig.  122,  p.  233.  Loeb  (1909)  found  that  the  chiasma  is 
nearly  always  related  in  front  to  both  sphenoidal  sinuses 
and  never  to  the  posterior  ethmoidal  cells.  The  relations 
of  the  chiasma  to  the  third  ventricle  of  the  brain  and  to  the 
pituitary  body,  of  the  optic  nerve  to  the  sulcus  chiasmatis, 
and  of  the  sphenoidal  air  sinus  to  all  these  structures  are 
well  shown  in  the  above  figure,  in  which  preparation,  it  is 
to  be  noted,  but  little  shrinkage  and  displacement  of  the 
parts  have  occurred. 

The  optic  tract  (tractus  opticus),  after  leaving  the 
chiasma,  diverges  from  its  fellow  of  the  opposite  side  in 
front  of  the  interpeduncular  space,  and  sweeps  -laterally 
and  backwards  between  the  tuber  cinereum  and  the  anterior 
perforated  substance  round  the  lateral  surface  of  the  crus 
cerebri,  to  which  it  is  intimately  applied,  with  the  posterior 
cerebral  artery,  which  supplies  it,  just  below  it ;  it  becomes 
flatter  as  it  proceeds,  and,  reaching  the  postero-lateral  aspect 
of  the  optic  thalamus,  becomes  divided  by  a  shallow  furrow 
into  two  so-called  roots.  The  medial  root  is  the  smaller, 
and  appears  to  end  in  the  medial  geniculate  body ;  as  can 
be  seen  in  Fig.  187,  its  fibres,  though  apparently  forming 
part  of  the  optic  chiasma  and  tract,  do  not  come  from  the 
optic  nerve,  but  sweep  across  the  back  of  the  chiasma  to 
the  opposite  side,  forming  Gudden's  commissure  (p.  383). 
The  lateral  root,  containing  all  the  fibres  of  retinal  origin, 
can  be  traced  to  the  lateral  geniculate  body,  the  pulvinar, 
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and  the  superior  colliculus.     The  lateral  geniculate  body 


FIG.  187. — Dissection  of  Brain  from  inferior  aspect  to  show  the  Optic  Chiasma  and 
Tracts,  the  Lower  Visual  Centres,  and  the  Optic  Radiation.  A  flap  has 
been  turned  aside  from  the  chiasma,  and  the  crossed  nasal  fibres  of  the  left  optic 
nerve  indicated.  The  commissure  of  Gudden  has  been  dissected  away  from  the 
back  of  the  chiasma  and  the  continuity  of  its  fibres  both  here  and  in  the  optic  tract 
demonstrated,  as  far  as  the  medial  geniculate  body.  Lateral  and  slightly  anterior 
to  this  body  is  a  swelling,  the  lateral  geniculate  body,  into  which  the  rest  of  the 
fibres  of  the  tract  are  traceable,  and  -beyond  it,  to  the  pulvinar.  From  these 
centres  the  optic  radiation  is  seen  sweeping  backwards  to  the  occipital  pole, 
x  f . 

receives  the  largest  number  of  fibres  from  the  tract  (80  per 
cent,   according  to  Monakow)  ;    they  partly  sink  into  its 
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interior  (where  most  of  them  end  in  the  grey  matter  between 
its  lamellae,  but  some  traverse  it  to  enter  the  pulvinar) 
and  partly  spread  out  over  its  surface,  and  similarly  either 
end  in  its  substance  or  pass  on  to  the  pulvinar.  Most  of 
the  fibres  to  the  pulvinar,  therefore,  have  passed  either 
through  or  over  the  lateral  geniculate  body  on  their  way 
to  it.  The  fibres  to  the  superior  colliculus  reach  it  directly 
through  the  superior  brachium,  which  lies,  however,  in  close 
contact  with  the  lower  aspect  of  the  lateral  geniculate  body. 
These  bodies,  which  are  known  as  the  "  lower  visual 
centres,"  are  situated  on  the  postero-lateral  aspect  of  the 
mid-brain  (Figs.  187,  189).  The  lateral  geniculate  body  is 
an  oval  mass  on  the  lateral  side  of  the  thalamus,  and  is 
connected  to  the  superior  colliculus  by  a  slender  band, 
the  superior  brachium.  The  superior  colliculus  (anterior 
or  superior  quadrigeminal  body)  lies  on  the  dorsal  aspect 
of  the  mid-brain  above  the  inferior  colliculus  and  below 
the  thalamus  and  the  pineal  body.  The  pulvinar  (posterior 
tubercle  of  the  thalamus)  is  the  prominence  on  the  posterior 
end  of  the  thalamus.  The  blood  supply  is  provided  by 
the  posterior  cerebral  artery  (postero-lateral  set  of  basal 
branches) . 

The  retinal  fibres  of  the  optic  nerve,  chiasma,  and  tracts 
have  thus  been  traced  from  their  origin  in  the  retina  to 
their  termination  in  the  lower  visual  centres  of  the  mid- 
brain.  In  the  appendix  to  this  work,  which  follows,  the 
second  part  of  the  path  taken  by  the  visual  impressions 
will  be  traced  to  its  ultimate  destination  in  the  occipital 
cortex,  and  an  analysis  of  the  fibres  of  the  whole  tract  given. 
It  will  add  to  the  interest  of  this  section  on  the  nerves  of 
the  orbit  if  a  brief  account  is  also  given  of  their  nuclei  of 
origin  and  their  connections,  but  no  attempt  will  be  made 
here  to  cover  this  large  and  complicated  field  in  detail ;  the 
bibliographies  given  in  such  papers  as  are  referred  to  will 
enable  the  reader  to  find  the  literature  bearing  upon  the 
subject. 


PART  IV.   -APPENDIX 


THE  CEREBRAL  CONNECTIONS  OF  THE  NERVES 

THE  Optic  Radiation  (radiatio  occipito-thalamica  of  Gratio- 
let)  is  the  second  or  intra-cerebral  link  in  the  pathway  of  the 
visual  impressions  from  the  retina  to  the  perceptive  centre 
in  the  cortex,  and  it  extends  from  the  lower  visual  centres 
of  the  mid-brain,  runs  through  the  central  white  matter  of 
the  posterior  part  of  the  cerebral  hemisphere,  and  ends  in 
the  surface  of  the  occipital  pole.  It  consists  of  a  fairly 
narrow  (3  mm.)  but  deep  band  of  fibres,  which  arise  as 
processes  of  cells  mainly  of  the  lateral  geniculate  body, 
but  also,  according  to  most  authors,  from  the  pulvinar  of 
the  thalamus  ;  they  emerge  from  the  lateral  side  of  these 
bodies,  and  passing  through  the  retro-lenticular  or  posterior 
part  of  the  internal  capsule,  bend  backwards  to  run  along 
the  lateral  wall  and  round  the  posterior  horn  of  the  lateral 
ventricle,  separated  from  it  by  the  tapetum  of  the  corpus 
callosum,  to  reach  the  cortex  of  the  occipital  pole ;  here 
they  end  in  arborisations  round  the  cells  of  the  fifth  or 
granule  layer  of  the  cortex  in  an  area  which  constitutes 
the  "  higher  visual  centre." 

The  Cortical  Visual  Centre  (higher  visual  "  centre," 
or  visuo-sensory  area)  is  comprised  in  an  extensive  area  of 
the  cortex  on  the  medial  surface  and  pole  of  the  occipital 
lobe,  chiefly  in  the  region  of  the  cuneus  (the  wedge-shaped 
area  of  cortex  lying  between  the  parieto-occipital  and 
calcarine  fissures).  The  extent  of  this  area,  as  deduced 
from  clinical  observations  of  cases  of  disease  or  injury 
and  from  experimental  investigation,  shows  much  variation 
and  is  difficult  to  define  with  exactness.  The  cortex  in 
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this  region  is  characterised,  however,  by  the  presence 'of 
a  white  line  in  the  grey  matter,  visible  to  the  naked 
eye  and  first  noticed  by  Gennari  in  1776,  and  the  region 
is  consequently  named  the  area  striata.  The  appearance, 
which  is  illustrated  in  the  figure  below,  is  caused  by 
a  thick  granule  layer  of  cells  with  a  dense  plexus  of  medul- 
lated  fibres  situated  in  the  fifth  cortical  layer,  wherein  the 
fibres  of  the  optic  radiation  have  been  traced  to  end.  The 


FIG.  188. — Transverse  section  through  the  Right  Occipital  Lobe  of  the  Brain,  seen 
from  behind,  to  show  the  white  line  of  Gennari  in  the  cortex  of  the  lower 
lip  of  the  calcarine  fissure  (marked  C  in  the  figure  opposite). 

exact  limits  of  the  striate  area  have  been  mapped  out  by 
microscopical  examination  of  this  cell  layer  (Mott,  Bolt  on), 
by  the  character  of  the  nerve  fibres  (Campbell),  by  the  period 
of  myelinisation  of  the  fibres  (Flechsig),  and  by  the  naked 
eye  differences  in  the  cortex  as  seen  in  sections  of  fresh 
brains  (Elliot  Smith,  1907).  These  various  deliminations 
practically  coincide,  and  the  account  of  the  region  which 
follows  is  taken  from  the  description  of  the  author  last 
named. 
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If  this  area  of  cortex  be  excised  and  spread  out  flat,  it 
will  be  found  to  present  an  elongated  ovoid  form,  which 
covers  about  3000  sq.  mm.  (varying  from  2700  to  4000  in 
different  brains).  The  narrow  end  of  the  ovoid  lies  just 


FIG.  189. — Dissection  of  Brain,  viewed  from  left  side  and  tilted  over  to  show  the 
cortical  visual  areas,  according  to  the  findings  of  Elliot  Smith.  Half  of  the 
left  hemisphere  .has  been  cut  away  to  expose  the  medial  surface  of  the  right 
occipital  lobe.  x  about  f . 

The  striate  area  is  marked  by  vertical  lines,  the  para-striate  area  by  crosses,  and  the  peri- 
striate  area  by  dots.  C.  =the  calcarine  sulcus  ;  P.C.  =  the  terminal  part  of  the  posterior  calcarine 
sulcus  ;  P.O.  =  the  parieto-occipital  sulcus  ;  C.L.  =  the  collateral  sulcus  ;  S.  =the  sagittal  sulcus  of 
the  gyrus  lingualis  (L.).  The  lower  visual  centres  are  also  displayed  :  O.  =  the  optic  nerve  ;  T.  = 
the  optic  tract,  traceable  into  a  small  elevation  just  below  E.,  the  lateral  geniculate  body,  and 
P.,  the puhnnar.  Below  P.  is  the  more  conspicuous  medial  geniculate  body.  Below  the  hinder  end 
of  the  pulvinar  are  seen  the  colliculi,  superior  (S.)  and  inferior  (*'.);  the  fourth  nerve  is  seen 
below  the  latter.  The  fifth,  sixth,  seventh,  eighth,  ninth,  tenth,  and  eleventh  nerves  are  also  seen 
on  the  side  of  the  pons  and  medulla. 

behind  and  below  the  splenium  of  the  corpus  callosum, 
and  the  rest  of  it  extends  backwards  from  this  point  to  the 
occipital  pole,  and  beyond  it  on  to  its  lateral  aspect.  In  the 
course  of  development  this  area  becomes  folded  along  its 
axis  during  the  sixth  month,  and  so  forms  the  calcarine 
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fissure  or  sulcus  (of  Huxley).  By  a  fold  which  develops  in 
the  occipital  lobe  above  it  (the  parieto-occipital  sulcus),  it 
is  divided  into  two  parts  :  an  anterior,  the  calcarine  fissure 
proper  (sulcus  calcarinus),  and  a  posterior  (sulcus  calcarinus 
posterior)  ;  the  area  overlapping  the  lateral  surface  of  the 
pole  may  also  become  folded  into  a  sulcus  calcarinus  lateralis. 
The  anterior  part  of  the  fissure  is  much  deeper,  more  constant 
in  form  and  position,  and  more  precocious  in  development 
than  the  posterior  part,  and  phylogenetically  it  is  much 
older.  There  is  also  a  fundamental  structural  difference 
between  them,  for  the  stria  of  Gennari  is  found  only  in  the 
lower  wall  and  lip  of  the  anterior  part  of  the  fissure  or  sulcus 
calcarinus  proper,  as  is  seen  in  Fig.  188,  whereas  the  striation 
extends  throughout  both  walls  of  the  posterior  calcarine 
sulcus,  and  in  most  cases  beyond  its  lips  on  to  the  surface 
of  the  cuneus  and  the  gyrus  lingualis,  that  is,  over  both  lips 
of  the  fissure.  The  upper  and  lower  boundaries  of  the  area 
are  often  demarked  from  the  adjacent  cortex  by  shallow 
limiting  sulci. 

The  area  striata  is  held  to  be  the  visuo-sensory  area  or 
the  perceptive  '  centre  '  for  the  retinal  impressions,  since 
its  destruction  entails  blindness  of  parts  of  each  eye.  It 
should,  however,  be  realised  that  no  cortical  area  can 
properly  be  .described  as  an  exclusive  centre  of  a  particular 
function,  but  such  "centres'  are  merely  nodal  points  in 
an  exceedingly  complex  system  of  neurones  which  must 
act  as  a  whole  to  perform  any  function  whatsoever 
(Herrick,  1918). 

This  area  is  surrounded  by  two  peripheral  concentric  bands 
of  cortex,  which  again  present  structural  differences,  though 
not  so  weir  marked  :  an  inner,  called  the  area  para-striata, 
and  an  outer,  the  area  peri-striata,  which  extend  considerably 
on  to  the  lateral  aspect  of  the  occipital  lobe.  These  areas 
are  doubtless  visuo-psychic  or  visual  memory  "  centres," 
since  injury  to  this  part  of  the  cortex  entails  "  mind  blind- 
ness "  :  the  objects  are  seen,  but  convey  nothing  to  the 
patient's  mind. 

The  whole  visual  area  in  the  occipital  lobe  appears 
divisible,  therefore,  into  two  parts  :  an  inner,  the  striate 
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area,  closely  following  the  calcarine  fissure  and  serving  for 
the  reception  of  primary  visual  impulses,  and  an  outer, 
the  para-  and  peri-striate  areas,  destined  for  the  further 
elaboration  and  storing  of  the  visual  sensory  impressions. 
Further  subdivision  of  these  adjacent  regions  into  areas 
specially  concerned  with  appreciation  of  colour,  form, 


FIG.   190.  —  Lateral  view  of  Right  Hemisphere,  to  illustrate  the  approximate  position 

of  the  "centres  "  connected  with  vision  (see  text). 

\     % 

On  the  occipital  lobe,  P.O.  =parieto-occipital,  L. --lunate,  T.  =  transverse  occipital,  Lt.  = 
lateral  sulcus  ;  the  striate  area  is  indicated  by  cross-lines,  the  para-striate  and  peri-striate  areas  by 
large  and  small  dots  respectively.  A.  is  placed  on  the  angular  gyrus,  which  surrounds  the 
upturned  end  of  the  superior  temporal  sulcus.  S.,  S.,  S.  is  the  lateral  cerebral  fissure  (fissure  of 
Sylvius).  R.,  R.  is  the  central  sulcus  (fissure  of  Rolando).  F.S.,  F.M.,  F.I.  are  placed  on  the 
posterior  parts  of  the  superior,  middle,  and  inferior  frontal  convolutions  respectively  ;  between 
them  and  the  central  sulcus  are  the  prae-central  sulcus  and  convolution. 

places,  names,  space,  etc.,  has  been  suggested,  largely  on 
evidence  derived  from  clinico-pathological  cases,  for  a 
consideration  of  which,  together  with  that  of  other  "  centres," 
the  reader  may  consult  the  article  by  Mills  in  Posey  and 
Spiller's  work  (1906). 

The  cortex  of  the  angular  gyrus  (A.  in  Fig.  190)  is  con- 
sidered by  some  authors  to  be  an  important,  if  not  the  most 
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important,  visual  area  ;  it  is  said  to  be  concerned  with 
central  direct  vision  of  the  opposite  eye,  whilst  the  occipital 
pole  area  is  connected  only  with  the  peripheral  parts  of  the 
retina,  a  view  that  has  not  met  with  general  acceptance. 
Injury  of  this  part  of  the  cortex  more  certainly'  entails 
"  word-blindness,"  the  patient  being  unable  to  understand 
printed  or  written  matter,  though  spoken  words  are  under- 
stood ;  it  is  therefore  termed  the  visual  word  memory 
*  centre,"  and  is  said  to  be  on  the  left  side  of  the  brain  in 
right-handed  subjects.  This  area  is  also  stated  to  be 
directly  concerned  with  winking  movements  of  the  eyelids. 

The  motor  centre  for  eye  movements  is  placed  on  the 
frontal  lobe,  on  the  posterior  part  of  the  middle  frontal 
convolution,  and  in  front  of  the  prae-central  sulcus  (FM. 
in  Fig.  190).  Stimulation  of  this  area  on  the  right  side 
causes  both  eyes  to  turn  to  the  left  ("  conjugate  deviation  "), 
but  the  angular  gyms  is  also  stated  to  be  the  centre 
for  this  movement  (Grasset,  quoted  by  Testut,  1914). 
It  is,  moreover,  found  that  stimulation  of  any  part  of 
the  occipital  lobe  produces  eye  movements  ;  thus,  stimula- 
tion of  its  upper  surface  on  the  right  side  causes  both  eyes 
to  turn  downwards  and  to  the  left ;  excitation  of  its  posterior 
part  causes  both  eyes  to  turn  upwards  and  to  the  left ;  and 
stimulation  of  the  intermediate  zone,  specially  on  the  mesial 
surface,  causes  lateral  deviation  to  the  left.  Such  impulses, 
no  doubt,  pass  through  the  descending  or  corticifugal  fibres 
of  the  optic  radiation.  The  centre  correlated  with  move- 
ments of-  the  eyelids  is  apparently  situated  in  the  prae- 
central  convolution,  behind  the  centre  for  the  ocular  move- 
ments and  just  above  the  centre  for  the  face  and  mouth. 

The  visual  cortical  area  is  connected  with  the  correspond- 
ing area  of  the  opposite  hemisphere  by  commissural  fibres 
which  traverse  the  splenium  of  the  corpus  callosum  ;  with 
the  visual  memory,  visual  word,  auditory  and  speech 
'  centres  '  by  association  fibres  ;  with  the  lower  visual 
centres,  and  possibly  also  with  the  lower  motor  nuclei,  by 
descending  or  corticifugal  fibres  of  the  optic  radiation. 

As.  regards  the  influence  of  the  cerebellum  on  the  eye 
movements,  Risien  Russel  (1894)  concludes  from  experi- 
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mental  investigations  that  this  part  of  the  brain  exercises 
a  direct  and  perfectly  independent  action  on  the  ocular 
muscles  ;  the  influence  of  the  cerebrum,  however,  in  correc- 
tion of  the  phenomena  of  cerebellar  deficiency  is  to  be 
noted,  since  it  has  been  found  that  the  severity  of  the 
symptoms  (atonia,  asthenia  and  astasia  in  the  muscles 
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FIG.  191. — Right  lateral  aspect  of  the  Skull  and  Cerebral  Hemisphere  outlined  in 
black,  with  orthogonal  projection  of  the  medulla  oblongata,  pons,  mid-brain, 
internal  capsule,  visual  tracts,  and  fifth  cerebral  nerve.  Man  aged  fifty-six 
years.  Cephalic  index,  70.  (J.  Symington.)  (From  Quain,  1908.) 

a.  =  nasion  ;  b.  =bregma  ;  c.  =  lambda  ;  d.  =  inion  ;  t.  r.  —  temporal  ridge  ;  s.c.  =sulcus  cen trails  ; 
s.p.  =  Sylvian  point. 

of  the  same  side)  occasioned  by  destruction  of  one  half 
of  the  cerebeullm  of  the  dog  gradually  lessen  (Black,  1916). 
The  relation  of  the  various  parts  of  the  visual  pathway 
to  the  skull  is  shown  in  Fig.  191.  The  external  occipital 
protuberance,  that  is,  the  point  inion,  lies  on  a  level  with 
the  lower  margin  of  the  occipital  pole,  and  therefore  just 
below  the  cortical  visual  centre. 
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FIG. ^192. — Scheme  to  illustrate  the  visual  paths  from  the  retinae  to  the  occipital 
poles,  those  from  the  right  eye  being  emphasised.      The  nasal  or  crossed  and 
the  temporal  or  direct  fibres  are  shown  passing  into  the  lower  visual  centres, 
but  the  diagram  is  not  intended  to  convey  the  idea  that  any  particular  band  of 
fibres  of  the  nerve  or  tract  ends  in  any  particular  one  of  these  bodies. 

L.G.B.  — the  lateral  geniculate  body,  and  P.  =  the  pulvinar.  The  relative  positions  of  the 
bundles  in  the  nerve  and  tract  (from  Testut,  1911,  after  Hensen  and  Vialet)  are  shown  in  the 
cross-sections,  where  the  crossed  fibres  are  indicated  by  horizontal  lines,  the  direct  fibres  by  dots, 
and  the  macular  fibres  by  the  blank  area.  G.  =  the  position  of  the  commissure  of  Gudden.  The 
connections  of  C.,  the  superior  colliculus,  with  the  nuclei  of  the  nerves  to  the  muscles  of  the 
eyeball  by  means  of  the  fountain  decussation  of  Meynert  (F.),  and  also  the  fibres  it  receives  from 
the  higher  or  cortical  visual  centre,  are  shown.  The  path  of  the  pupillary  reflex  from  the  oculo- 
motor nucleus  (III.)  through  the  ciliary  ganglion  (C.G.)  to  the  sphincter  iridis  muscle  fibres  of  the 
globe  are  also  indicated. 


APPENDIX       ANALYSIS  OF  FIBRE  TRACTS  381 

Analysis  of  the  fibres  in  the  visual  paths  and  their 
destination. — In  the  optic  nerve  the  fibres  can  be  divided 
according  to  their  function  into  : 

(i.)   Visual  fibres  conveying  visual  impressions  to  the  brain  ; 

(ii.)  Pupillary  fibres  connecting  the  retina  with  the  pupillo- 
motor  centres ; 

(hi.)   Retino-motor  fibres  passing  from  the  brain  to  the  retina  ; 
(iv.)  Inter-retinal  fibres,  connecting  the  two  retinae  ; 

though  our  knowledge  regarding  the  course  of  the  paths 
taken  by  these  groups  becomes  less  certain  in  passing  from 
the  first  to  the  last. 

(i.)  The  visual  fibres  are  grouped  in  the  nerve  in  three 
bundles  according  to  the  retinal  fields  from  which  they 
originate  : 

(a)  From  the  temporal  side  of  the  retina  ;  these  temporal 
or  ' '  direct  ' '  fibres  pass  through  the  chiasma  into  the  optic 
tract  and  lower  visual  centres  of  the  same  side. 

(b)  From  the  nasal  side  of  the  retina  ;    these  nasal  or 
'  crossed  ' '  fibres,  more  voluminous  than  the  last  since  they 

come  from  about  the  medial  two-thirds  of  the  retinal  field, 
pass  across  in  the  chiasma  to  the  opposite  tract  and  lower 
visual  centres. 

(c)  From  the  cells  of  the  fovea  centralis  of  the  macula 
lutea  area  of  the  retina  ;   these  central  or  "  macular  "  fibres 
comprise  one-third  of  the  total  number,  and  coming  from 
the  area  of  direct  and  most  distinct  vision  are  the  most 
important.     In  the  nerve  they  lie  at  first  lateral  to  and  a 
little  below  the  others,  but  later  come  to  occupy  a  central 
position  ;    at  the   chiasma  they  are  generally  considered 
to  undergo  partial  decussation,  half  of  the  fibres  passing 
across  to  the  opposite  side,  though  this  is  denied  by  some 
authors  ;  in  the  tract  they  lie  centrally,  and  they  terminate 
like  the  other  visual  fibres  in  the  lower  visual  centres.     The 
relative  positions  of  these  bundles  in  the  nerve  and  tract 
are  shown  in  the  above  figure. 

(ii.)  The  "  pupillary  fibres  '  of  the  optic  nerve  are  of 
finer  calibre,  and  are  concerned  with  contraction  of  the  iris 
on  exposure  to  light ;  they  probably  enter  the  superior 
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colliculus  only  of  the  lower  visual  centre  ;    the  whole  path 
of  this  light-reflex  is  referred  to  later  on  p.  385. 

(iii.)  The  retino-motor  group  consists  of  exceedingly 
fine  fibres,  some  of  which  form  direct  connection  between 
the  cortical  centre  and  the  retina,  whilst  others  appear  to 
arise  in  the  lower  visual  centres  and  pass  thence  to  the  retina ; 
they  may  be  vaso-constrictor  or  trophic  in  function,  or 
concerned  with  certain  movements  of  the  retinal  elements. 

(iv.)  The  inter-retinal  fibres  are  considered  to  pass  from 
one  retina  to  the  other,  though  the  path  is  not  definitely 
known  ;  their  presence  may  afford  an  explanation  of  sym- 
pathetic inflammation  of  the  eyes,  or  of  binocular  contrast 
and  after-images. 

In  the  optic  chiasma,  the  two  orders  of  fibres,  crossed 
and  indirect,  are  not  clearly  separated  (though  an  artificial 
demonstration  can  be  prepared,  as  in  Fig.  187)  ;  the  lateral 
parts  of  the  chiasma,  however,  are  largely  occupied  by 
direct  fibres  and  the  median  part  by  crossed  fibres,  the 
latter  taking  a  somewhat  curved  course  and  some  of  them 
mounting  in  the  root  of  the  opposite  nerve  to  a  height  of 
as  much  as  3  mm.  (Gallemaerts,  1900). 

In  the  optic  tract  of  one  side,  in  consequence  of  the 
partial  decussation  of  the  optic  nerves,  there  are  found  four 
bundles  of  fibres  of  retinal  origin  : 

Direct  or  temporal  fibres  from  the  eye  of  the  same  side, 

Crossed  or  nasal  fibres  from  the  opposite  eye, 

Direct  macular,  and 

Crossed  macular  fibres,  of  similar  origins. 
Each  tract  therefore  contains  all  the  visual  fibres  from 
the  corresponding  sides  of  both  retinae,  the  right  tract, 
for  example,  containing  the  fibres  from  the  right  halves  of 
both  retinae,  including  half  the  macular  or  central  fibres 
from  each  eye,  and  it  carries  all  the  impulses  originating 
from  stimuli  occurring  in  the  left  field  of  vision.  The 
relative  positions  of  the  bundles,  though  by  no  means 
sharply  defined,  are  seen  in  the  above  figure,  from  which 
it  appears  that  the  fibres  from  the  different  parts  of  the 
retina  preserve  the  relative  position  of  their  origins  in  the 
optic  nerve  and  tract.  It  may  also  be  said  that  the  different 
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regions  of  the  retina  correspond  point  by  point  to  similar 
regions  of  a  transverse  section  of  the  optic  nerve  of  the  same 
side  and  to  similar  regions  of  a  transverse  section  of  the 
optic  tract  of  the  opposite  side. 

Besides  these  visual  fibres  and  the  other  groups  noted 
above  as  constituents  of  the  optic  nerve,  the  tract  contains 
additional  fibres,  all  of  which,  however,  appear  to  bear  no 
certain  relation  to  vision  ;  they  are  as  follows  : 

The  commissure  of  Gudden  (commissura  inferior  Guddini) 
is  a  well-marked  bundle  of  fibres  passing  from  the  medial 
geniculate  body  of  one  side  forwards  along  the  optic  tract 
as  its  medial  root,  round  the  back  of  the  chiasma,  and  down 
the  opposite  tract,  to  end  eventually  in  the  inferior  colliculus 
of  the  opposite  side  ;  the  bundle  can  be  dissected  away 
completely  from  the  rest  of  the  tract  and  chiasma,  as  shown 
in  Fig.  187  ;  it  has  no  connection  with  vision,  but  is  part 
of  the  auditory  cerebral  mechanism. 

The  commissure  of  Meynert  (commissura  superior  Mey- 
nerti]  is  a  much  smaller  tract  of  fibres  lying  on  the  mesial 
side  of  Gudden's  commissure  and  pursuing  a  similar  course  ; 
its  fibres  arise  from  a  small  basal  optic  ganglion  in  the  grey 
matter  between  the  third  ventricle  and  the  chiasma  on  the 
side  of  the  tuber  cinereum,  and  end  in  the  sub-thalamic 
region ;  they  do  not  appear  to  have  any  direct  connection 
with  the  optic  nerve,  though  they  have  been  called  its  basal 
root,  and  are  described  as  passing  to  the  retina. 

The  tractus  peduncularis  transversus,  a  bundle  of  fibres 
occurring  constantly  in  most  animals,  but  only  occasionally 
in  man  (30  per  cent),  may  be  found  just  in  front  of  the 
superior  colliculus ;  it  passes  round  the  ventral  aspect 
of  the  cerebral  peduncle  and  enters  the  tegmentum  near 
the  exit  of  the  oculomotor  nerve.  The  origin  and  termina- 
tion of  its  fibres  are  still  obscure,  but  since  it  has  been  found 
to  undergo  atrophy  after  enucleation  of  the  eye  or  after 
removal  of  the  cortical  visual  area  it  is  supposed  to  be 
related  to  the  secondary  visual  paths.  It  may  be  an  aberrant 
part  of  the  optic  tract. 

Finally,  Darkschewitsch  described  some  fibres  of  the 
optic  tract  as  passing  to  the  ganglion  habenulae  and  the 
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pineal  peduncle,  and  thence  through  the  posterior  commis- 
sure to  end  in  the  oculomotor  nucleus  ;  he  considered  them 
to  subserve  the  reflex  changes  in  the  pupil. 

Of  the  lower  visual  centres,  the  lateral  geniculate  body  is 
stated  to  receive  80  per  cent  of  the  retinal  fibres  of  the  optic 
tract.  As  in  the  nerve  and  tract,  there  appears  to  be  some 
relative  representation  of  the  retinal  fields  in  this  body,  since 
investigations  suggest  that  the  fibres  from  the  upper  and  lower 
parts  of  the  retina  end  respectively  in  its  upper  and  lower 
halves.  It  is  connected,  like  the  pulvinar,  with  the  visual 
cortical  area  through  the  optic  radiation,  and  is  mainly  con- 
cerned with  the  reception  and  transmission  of  visual  impulses. 

The  superior  colliculus  receives  a  much  smaller  proportion 
of  retinal  fibres  from  the  optic  tract ;  fibres  also  enter  it  from 
the  lemniscus  (whereby  it  is  connected  with  the  sensory 
tracts  of  the  medulla  and  spinal  cord) ,  and  from  the  cerebral 
cortex,  the  latter,  together  with  the  retinal  fibres,  entering 
it  through  the  superior  brachium  ;  but,  unlike  the  lateral 
geniculate  body  and  the  pulvinar,  it  sends  no  fibres  outwards 
to  the  cortex.  It  is  joined  to  its  fellow  of  the  opposite 
side  by  decussating  fibres.  Its  most  important  efferent 
connection  is  by  means  of  fibres  which  cross  the  median 
plane,  forming  the  '  fountain  decussation  of  Meynert ' 
(decussatio  tegmenti  dorsalis),  to  enter  and  descend  in  the 
medial  (posterior)  longitudinal  fasciculus,  whereby  they  are 
connected  by  terminal  arborisations  with  the  nuclei  of 
origin  of  the  oculomotor,  trochlear,  and  abducent  nerves, 
and  are  continued  on  in  the  tecto  spinal  tract  to  the 
spinal  medulla  and  cord.  These  connections  afford  path- 
ways through  which  the  reflex  and  possibly  also  the 
voluntary  optic  and  ocular  mechanisms  may  be  conducted, 
and  the  superior  colliculus  thereby  becomes  of  great 
importance.  It  receives  impressions  from  the  eye  through 
the  optic  nerve  and  tract  on  the  one  hand,  and  impulses 
from  the  cerebral  cortex  through  the  optic  radiation  on 
the  other,  and  it  can  link  up  either  path  with  the 
nuclei  of  the  motor  nerves  or  with  tracts  in  the  medulla 
and  cord  by  means  of  the  fountain  decussation  and  the 
medial  longitudinal  fasciculus.  It  may  therefore  be  regarded 
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as  a  ganglionic  centre  for  the  co-ordination  of  visual  impres- 
sions with  those  of  other  regions  of  the  body  in  influencing 
its  movements. 

The  fibres  concerned  with  the  pupillary  light-reflex  most 
probably  pass  through  these  paths,  though  the  exact  course 
is  not  known  for  certain.  The  reflex  of  contraction  of  the 
pupil  may  be  provoked  by  light  falling  upon  any  part  of 
the  retina,  though  the  macular  region  is  the  most  important, 
and  a  bilateral  effect  upon  the  pupils  is  obtained  by  throwing 
light  upon  either  eye  (consensual  reflex).  The  fibres  appear 
to  traverse  successively  the  optic  nerve,  the  chiasma,  where 
they  in  part  decussate,  and  the  optic  tract,  to  enter  the 
superior  colliculus.  Here,  according  to  most  authorities,  they 
end,  and  fresh  fibres  are  said  to  convey  the  impulses  through 
the  fountain  decussation  to  either  the  sub-nucleus  or  the 
lateral  principal  nucleus  of  the  oculomotor  nucleus  (vide  infra) , 
though  this  last  connection  has  not  actually  been  traced. 
A  third  set  of  fibres  convey  them  along  the  oculomotor  nerve 
and  into  the  ciliary  ganglion  by  its  motor  root ;  and  after  a 
final  interruption  the  path  to  the  constrictor  iridis  muscle  is 
provided  by  the  short  ciliary  nerves.  The  whole  course  as 
thus  outlined  is  illustrated  in  Fig.  192.  On  the  other  hand, 
some  authors  consider  that  the  first  axons  from  the  retinal 
cells  pass  independently  of  the  colliculus  and  directly  to  the 
oculomotor  nucleus  ;  and  yet  another  path  is  that  noted 
above  as  given  by  Darkschewitsch. 

The  optic  radiation  is  composed  mainly  of  ascending 
fibres  arising  from  cells  of  the  lateral  geniculate  body  and 
partly  from  the  pulvinar ;  none  comes  from  the  superior 
colliculus  ;  it  also  contains  descending  fibres  passing  from 
the  visual  cortical  area  to  these  lower  visual  centres,  to- 
gether with  commissural  and  association  fibres.  It  re- 
sembles the  optic  tract  of  the  same  side  in  that  it  receives 
impressions  from  the  corresponding  lateral  halves  of  both 
retinae,  and  probably  from  the  macular  field  of  each. 
Nothing  appears  to  be  definitely  known  of  the  relative 
position  of  its  constituent  fibres,  though  by  some  authors 
they  are  thought  to  represent  the  retinal  fields  in  the  same 
manner  as  do  the  fibres  of  the  optic  tract. 

2  c 
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In  the  higher  visual  centre  round  the  calcarine  fissure 
it  appears  practically  certain  that  similar  halves  of  the 
retinae,  including  the  halves  of  the  macular  areas,  of  both 
eyes  are  related  to  the  cortex  on  one  side,  the  complete 
right  halves  of  the  retinae  to  the  cortex  of  the  right 
occipital  lobe,  and  the  complete  left  halves  to  that  of  the 
left  lobe ;  a  bilateral  representation  for  each  macular 
area  is,  however,  denied  by  Holmes  and  Lister  (1916). 
There  have  been  attempts  to  prove  separate  cortical  regions 
of  representation  for  the  central  and  peripheral  parts  of  the 
retinal  field,  the  macular  area  being  associated  with  the 
posterior  part  of  the  calcarine  fissure  and  cuneus,  that  is 
with  the  extreme  end  of  the  occipital  pole,  and  the  peri- 
pheral parts  of  the  retina  with  the  anterior  part  of  the 
calcarine  fissure  and  cuneus  (Holmes  and  Lister,  1916),  but 
on  the  other  hand,  the  reverse  position  is  by  some  authors 
described  as  the  correct  representation.  It  is  also  held 
that  the  macular  area  is  represented  in  all  parts  of  the 
visual  cortex,  and  may  even  extend  beyond  its  usually 
described  limits.  The  upper  half  of  each  retina  has 
been  found  to  be  represented  in  the  dorsal  and  the  lower 
half  in  the  ventral  part  of  each  visual  field,  and  even  further 
delimitation  has  been  suggested,  namely,  that  corresponding 
quadrants  of  the  two  retinae  are  represented  in  the  upper 
or  lower  lip  of  the  posterior  calcarine  fissure  on  the  one 
or  the  other  side  respectively.  The  whole  question  is  un- 
decided, and  much  requires  to  be  done  in  collecting  and 
analysing  the  evidence,  based  largely  on  clinical  and  patho- 
logical observations,  and  especially  in  view  of  the  large 
number  of  new  cases  that  have  been  recorded  lately  as 
the  result  of  wounds,  before  such  a  final  generalisation 
can  be  made  as  that  the  different  parts  of  the  retina 
preserve  their  relative  positions  as  regards  representation, 
not  only  in  the  optic  nerve  and  tract,  but  also  in  the 
cortical  visual  centre. 

The  nuclei  of  origin  of  the  orbital  nerves  and  their 
connections  : — 

The  oculomotor  nucleus  (nucleus  nervi  oculomotorius) 
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lies  in  the  upper  part  of  the  cerebral  peduncle,  parallel 
to  and  just  beneath  the  aquaeductus  cerebri  (aqueduct  of 
Sylvius),  below  and  coextensive  with  the  superior  colliculus  ; 
it  is  from  5  to  6  mm.  long,  and  extends  nearly  the  whole 
length  of  the  floor  of  the  aqueduct  from  the  posterior  part 
of  the  wall  of  the  third  ventricle  in  front  to  the  anterior 
part  of  the  fourth  ventricle  behind,  where  it  is  in  close 


FIG.  193.— Mesial  section  of  Brain,  left  half  viewed  from  the  medial  aspect  to  show, 
schematically,  the  nuclei  of  the  third  or  oculomotor  and  'fourth  or  trochlear 
nerves,  represented  by  the  row  of  black  dots  ;  the  position  of  the  abducent 
or  sixth  nerve  nucleus  is  also  shown  lying  within  the  loop  formed  by  the  facial 
or  seventh  nerve  in  the  pons  ;  the  nucleus  of  the  latter  is  represented  as  con- 
sisting of  a  main  mass  and  a  secondary,  the  superior  facial  nucleus. 
The  calcarine  fissure  has  been  outlined  in  black. 


x   f . 


relation  with  the  nucleus  of  the  fourth  nerve.  The  two 
oculomotor  nuclei  are  separate  above  but  touch  below,  and 
their  infero-lateral  faces  are  in  contact  -with  the  medial 
longitudinal  fasciculus  of  each  side.  The  subdivision  of 
each  mass  into  smaller  centres  for  the  supply  of  the  different 
muscles  of  the  eyeball  is  now  generally  recognised,  though 
their  limits  are  not  sharply  denned  ;  there  appears  to  be  a 
large-celled  lateral  "  chief  nucleus/1  which  supplies  the 
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extrinsic  muscles  of  the  globe,  and  two  smaller-celled  sub- 
nuclei,  one  in  front  (the  Edinger-Westphal  nucleus)  and 
one  behind  and  below,  which  is  fused  with  its  fellow  of  the 
opposite  mass  to  form  a  central  nucleus,  and  these  sub-nuclei 
are  said  to  supply  the  intrinsic  muscles  of  the  eyeball 
(Fig.  194,  Intr.).  Tsuchida  finds  only  the  so-called  principal 

nuclei  anatomically 
constant,  the  smaller 
ones  showing  remark- 
able individual  varia- 
tions, and  this  author 
locates  the  innerva- 
tion  of  the  pupil  in 
the  fore  end  of  the 
lateral  chief  nucleus 
and  not  in  the  sub- 
groups of  cells. 
Further  localisation 
of  the  lateral  nuclei 
into  centres  for  each 


FIG.  194.  —  Scheme  representing  the   constitution  of  ITlUSCie     IS 

the  Oculomotor  Nucleus,  modified  after  Bern-  \)^      there      is      great 

heimer  (1904).     The  nuclei  of  both  sides  are 

shown.      For  description  see  text.  Uncertainty        as        tO 

their      exact      topo- 

graphy ;  for  example,  the  centre  for  the  levator  palpebrae 
superioris  is  placed  at  the  anterior  end  by  one  authority, 
at  the  posterior  end  by  another,  and  it  has  been  pointed  out 
that  the  results  of  experiments  on  monkeys  differ  from  those 
on  rabbits,  and  one  is  ignorant  of  how  far  such  results  are 
applicable  to  man.  The  majority  of  the  nerve  fibres  pass 
out  from  that  side  of  the  nucleus  on  which  lie  the  cells  from 
which  they  originate,  but  there  is  a  decussation  of  fibres 
principally  from  the  posterior  parts,  of  the  lateral  nuclei, 
so  that  the  inferior  rectus  muscle  appears  to  receive  crossed 
fibres  only,  the  superior  rectus  and  levator  direct  fibres  only, 
but  the  medial  rectus  and  inferior  oblique  muscles  both 
crossed  and  direct  fibres  ;  the  intrinsic  muscles  of  the  globe 
receive  their  fibres  direct.  These  subdivisions  of  the  nuclei 
and  origin  of  the  nerve  fibres  have  been  specially  studied 
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by  Perlia  (1889),  Bernheimer  (1904-9),  and  Tsuchida  (1906), 
and  are  represented  schematically  in  the  above  figure. 

The  fasciculus  so  formed  by  fibres  from  the  nucleus  of 
the  same  side,  but  also  by  some  crossed  fibres  from  the 
opposite  nucleus,  passes  forwards  through  the  medial 
longitudinal  bundle,  the  tegmentum,  the  red  nucleus,  and 
the  substantia  nigra,  and  emerges  on  the  medial  side  of  the 
cerebral  peduncle  at  the  superficial  origin  of  the  nerve. 

The  connections  of  the  oculomotor  nucleus  are  : 

(i.)  With  the  supe- 
rior colliculus,  through 
which  impulses  reach 
it  from  the,  visual 
system,  as  described 
above. 

(ii.)  With  the  cor- 
tical motor  centre  for 
eve  movements. 

+r 

(iii.)  With  the  cere- 
bellum through  the 
superior  cerebellar 
peduncle. 

(iv.)  With  the  troch- 
lear,  abducent,  and 
vestibular,  and  pos- 
sibly other  nuclei  by 
means  of  the  medial 
longitudinal  fasciculus. 


Bernheimer,  1904.) 
I II.  =  oculomotor  nucleus  ;  VI.  =  abducent  nucleus. 


AS       egarQS        .  pIG     ^^  —  Scheme  of  innervation  of  lateral  and 

last      Communications,  convergent  movements  of  the  eyes.     (From 

it  has  been  supposed 

that  some  of  the  fibres 

from  the  oculomotor  nucleus  pass  down  the  fasciculus  into 

the  facial  nucleus  and  then  run  along  with  that  nerve  to 

supply    the    orbicularis    oculi,    corrugator    supercilii,    and 

front  alis  (see  p.  182.). 

Another  interchange  of  fibres  through  the  same  path  is 
suggested  as  explanatory  of  the  harmonious  action  of  the 
lateral  rectus  (sixth  nerve)  with  the  medial  rectus  (third 
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nerve)  in  producing  simultaneous  movements  of  the  two 
eyeballs  to  the  right  or  left  (conjugate  deviation),  for  which 
several  explanations  have  been  given.  The  sixth  nucleus 
sends  no  fibres  directly  into  the  oculomotor  nerve,  but  it 
may  send  fibres,  or  be  connected  with  fibres,  which  ascend  in 
the  medial  longitudinal  fasciculus,  and  establish  connections 
with  that  part  of  the  oculomotor  nucleus  from  which  the 
crossed  fibres  to  the  medial  rectus  of  the  opposite  side  arise 
(Fig.  195). 

The  troehlear  nucleus  (nucleus  nervi  trochlearis)  lies 
beneath  the  floor  of  the  Sylvian  aqueduct  opposite  the  upper 
part  of  the  inferior  colliculus  ;  it  appears  to  be  the  detached 
end  of  the  column  of  grey  matter  which  forms  the  oculomotor 
nucleus  (Figs.  193  and  194).  The  fibres  from  this  origin 
run  lateral  wards  and  downwards  through  the  tegmentum, 
then  turn  back  and  inwards  into  the  upper  part  of  the 
anterior  medullary  velum  ;  here  they  decussate,  though 
not  completely,  with  the  corresponding  nerve  of  the 
opposite  side,  and  emerge  from  the  surface  of  the  brain 
at  the  side  of  the  fraenulum  veli,  just  below  the  inferior 
colliculus,  at  its  superficial  origin  (Fig.  189).  Its  central  and 
cortical  relations  are  similar  to  those  of  the  oculomotor 
nucleus. 

The  abducent  nucleus  (nucleus  nervi  abducentis)  lies 
beneath  the  colliculus  facialis  (eminentia  teres)  of  the 
floor  of  the  fourth'  ventricle  close  to  the  mid-line  and 
immediately  above  the  striae  medullares.  It  lies  on  the 
ventral  side  within  the  loop  formed  by  the  facial  nerve, 
but  has  no  connection  with  it  (Fig.  193).  (Some  of  its 
fibres  are  said  to  arise  from  an  accessory  or  ventral  sixth 
nucleus  which  lies  outside  the  loop  and  close  to  the 
facial  nucleus.)  The  fibres  from  these  cells  pass  forwards  and 
downwards  on  the  medial  side  of  the  superior  olivary 
nucleus  and  further  on  to  the  lateral  side  of  the  pyramidal 
tract,  and  after  thus  traversing  the  whole  thickness  of 
the  pons,  emerge  at  the  superficial  origin  at  the  lower 
border  of  this  body.  The  fibres  are  direct  and  do  not 
decussate. 

The  central  connections  are,  like  those  of   the  oculo- 
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motor  nucleus,  with  the  visual  and  motor  cortical  areas, 
with  the  superior  colliculus,  and  with  the  nuclei  of  the 
third,  fourth,  and  vestibular  nerves  by  means  of  the 
medial  longitudinal  fasciculus,  and  also  with  the  superior 
olive.  By  the  medial  longitudinal  fasciculus  a  connection 
is  formed  between  eye  movements  and  equilibration ; 
amongst  its  constituents  are  fibres  which  arise  in  the  lateral 
vestibular  (Deiter's)  nucleus  of  the  auditory  system  and 
ascend,  either  on  the  same  or  opposite  side,  to  form  con- 
nections with  the  nuclei  of  the  third,  fourth,  and  sixth 
nerves.  A  reflex  arc  is  formed  which  is  concerned  with 
movements  of  the  head  and  eyes  in  response  to  the 
vestibular  stimulation  of  the  nerve-endings  in  the  semi- 
circular canals  of  the  ears,  a  stimulation  arising  from 
every  movement  and  change  of  poise  of  the  head. 
It  has  been  found  that  strong  stimulation  of  either  the 
semicircular  canals,  the  vestibular  nerve,  or  the  nucleus 
causes  an  abnormal  oscillatory  side-to-side  movement 
of  the  eyes  known  as  nystagmus  (a  consideration  of  the 
mechanism  of  which  will  be  found  in  a  paper  by 
Wilson  and  Pike  (1915).  The  superior  olivary  nucleus 
and  its  pedicle  similarly  afford  a  connection  between 
the  cochlear  or  true  auditory  nerve  and  the  abducent 
nucleus,  explanatory  of  the  simple  auditory  reflex  of 
turning  the  eyes  in  the  direction  whence  a  sound 
comes. 

The  trigeminal  nucleus  of  origin  is  constituted,  as 
previously  noted,  by  the  semilunar  or  Gasserian  ganglion 
(P-  338)  which  lies  outside  the  brain  stem.  The  centrally 
directed  processes  of  its  cells  enter  the  pons  as  the  sensory 
root  of  the  nerve  ;  here  they  bifurcate  into  ascending  and 
descending  branches,  the  former  being  short  and  ending  in 
the  upper  sensory  nucleus,  whilst  the  latter  form  the  descend- 
ing or  spinal  trigeminal  root  which  is  traceable  down  through 
the  pons  and  medulla  and  into  the  upper  cervical  part  of 
the  spinal  cord.  The  central  connections  of  this  sensory 
root  of  the  nerve  are  very  extensive,  since  the  impulses 
collected  by  its  branches  from  so  wide  and  varied  a  field 
are  of  great  importance  ;  they  are  brought  into  relation 
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with  the  sensory  cerebral  cortical  areas  through  the  optic 
thalamus,  with  the  cerebellar  cortex  through  the  inferior 
cerebellar  peduncle,  and  with  the  nuclei  of  origin  of  the 
motor  nerves,  notably  with  the  facial  nucleus  and  the  nucleus 
of  its  own  motor  root. 
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Accessory  or  air-sinuses  of  nose. 

See  Sinuses,  air 
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sory muscles  of,  181 
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on,  357 
Agger  nasi,  56 

air-cell  of,  68 
Anaesthesia,    behaviour    of    lac- 

rimal  gland  under,  217 
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naso-malar,  91 
walls,  92 

trochlear,  273,  276 
Ankyloblepharon,  187 
Annulus     tendineus     communis 

(Zinnii),  260 
Antrum,  maxillary   (Highmorii), 

63,  57.  28>  l6>  44 
Apertures,  of  orbit,  79 

Aponeurosis,     epicranial     (galea 
aponeurotica),    107,    109, 
181 
of  levator  palpebrae  superioris 

muscle,  135,  136 
orbito-ocularis    (Tenon's    cap- 
sule), 286 
Arachnoidea,  ^relation    to    optic 
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cisternae  of,  324,  368,  369 
Arc  of  contact  of  recti  muscles,  270 
Arcade,    Arcus,    marginal    (mar- 
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81,  132 

tarsal  (tarseus),  169 
superciliaris,  12 


Area,     cortical,     of    brain.     See 

Centres,  cortical 
macular,  of  retina,  386 
striata,  of  brain,  374 
Areola,  palpebral,  113 
Artery,  arteries,  arteri a,  arterial- 
abnormalities,  308 
angular,  163,  148,  243 
arcades,  tarsal  (arcus  tarseus), 

169 

carotid,  internal,  301,  316,  368 
centralis  retinae,  303 
ciliary,  anterior,  305,  199 

posterior,  304 
circulus  arteriosus  iridis,   305, 

200 

conjunctival,  anterior  and  pos- 
terior, 199,  169 
of  cornea  (pericorneal  plexus), 

200 

dorsalis  nasi,  307,  167 
ethmoidal,  306 
of  eyelids,  168,  306 
facial,  162,  308 
frontal,  307,  167 
infra-orbital,  307,  243,  168,  42, 

228,  213 

lacrimal,  305,  167,  308 
maxillary,  external  (facial),  162 
meningeal,  middle,  308,  305,  35 
nasal  (dorsalis  nasi),  307,  167, 

308 

ophthalmic,  300,  308 
palpebral,  lateral,  169,  305 

medial,  168,  306 
plexus,  pericorneal,  200 
supra-orbital,  306,  167,  no 
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Artery,  arteries,  arteria,  arterial 
(contd.}  — 

tarsal  (arcades),  169 

temporal,  superficial,  166,  no 
Atrium  (of  nasal  cavity),  56 
Axis  of  movements  of  eyeball,  276 

optica  (visual),  254 

orbital,  93 

Blepharospasm,  170,  248 
Bone.    See  also  under  Os,  Ossicle 
concha  nasalis,  inferior,  56,  70 
ethmoidal,    air-cells    of   bulla, 

57.  58>  6o 
hiatus  semilunaris  of,  56,  63, 

68 

labyrinth,  58,  60 
lamina  papyracea,  or  orbital 

plate  of,  47,  51,  60 
frontal,  9,  7,  24,  47 
accessory,  30 
angular       process,       lateral 

(zygomatic)  of,  12,  13,  19 
angular  process,  medial  of, 


sinus  of,  59 
lacrimal,  48 

crests  of,  64,  21,  17 

hamular        process        (pars 
facialis)  of,  48,  70 

rudimentary,  75,  76 
malar.     See  Zygomatic 
maxilla,  frontal  process  of,  16, 
17,  18,  49 

lamina  infra-orbitalis  of,  42 

sinus  of  (antrum),  63,  58 

sulcus  lacrimalis  of,  70,  75 

wall,  anterior  of,  16 
maxillo  -  naso  -  lacrimo  -  frontal, 

19 
palatine,  47 

air-cell  of,  44,  62 
orbital  process  of,  41 
sphenoidal,  ala  parva  of,  24,  25 
ala  magna  of,  33,  35 
body  of,  47,  368,  62 
fossa      hypophyseos      (sella 
turcica)  of,  368,  369 


Bone  (contd.} — 

sphenoidal  (contd,}— 
sinus  of,  62,  58 
sulcus  chiasmatis  of,  367,  368 
turbinated  process  of,  47 
turbinated  inferior,  56,  70 
Wormian  (ossa  suturarum),  47, 

34>  19 
zygomatic,  7,  12,  13,  39 

canals,  34,  14 
development  of,  35 
mala  bipartita,  13 
orbital  plate  of,  37 
orbital  tubercle  of,  13,  20 
process,  fronto-sphenoidal  of, 

12,  13 

processusmarginalisof,  13, 20 
spina  of,  13 

zygoma,  relation  to  brain,  21 
relation  to  infra-orbital  fis- 
sure, 39 
optic  canal,  26 
semilunar  ganglion,  338 
Bourrelet  senile,  114 
Brain — 

relation  to  eyebrows,  105 
lateral  wall  of  orbit,  37 
margin  of  orbit,  21 
optic  canal,  27 
optic  chiasma,  368 
roof  of  orbit,  30,  32 
skull,  379 
zygoma,  21 

angular  gyrus  of,  377,  378 
areas  of.     See  Centres 
cortex,  centres  in.   See  Centres 
cuneus  of,  373 
fissure,  calcarine,  375 
retinal  representative  in,  386 
sulcus  orbitalis,  32 
Bulb  of  eye  (bulbus  oculi).     See 

Eyeball 
Bulla  ethmoidalis,  57,  58 

Canal,  Canals— 
ethmoidal,  51 
frontal,  10 
infra-orbital,  42 
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Canal,  Canals  (contd.}— 

naso-lacrimal  (lacrimal),  70,  90 
casts  of,  73 
incisura  of,  44,  48,  70 
optic,  26 

pterygoid  (Vidian),  62 
supra-orbital,  9,  n 
Vidian  (pterygoid),  62 
zygomatic,  34,  14 
Canaliculi,  lacrimal,  222 
Canthi  of  eyelids,  in 
Capsule,  c.  adiposa  bulbi  (orbital 

fat),  297 

of  lacrimal  gland,  208 
of  Tenon  (fascia  bulbi),  286 

injections  of,  298 
Cartilages,  tarsal,  150 
Caruncle,  lacrimal,  159 

development  of,  186 
Casts  of  orbit,  3 
of  air-sinuses,  55 
of  lacrimal  passages,  73 
Cell,  Cells,  Cellula— 
of  agger  nasi,  68 
ethmoidal,  60 
abnormal,  44 
development  of,  57 
relation  to  optic  canal  of,  27, 

28 

relation  to  orbital  roof  of,  29 
frontal.     See  Sinus 
fronto-ethmo-ungueale,  68 
lacrimalis,  68 
lacrimo-ethmoidal,  66 
orbito-ethmoidal,  29 
palatinal,  44,  62 
Centre,  Centres — 

cortical,  of  brain,  376,  174 

for  eyelids,  cortical,  378 

for   eye   movements,    cortical, 

378 
for  facial  nerve,  cortical,  174 

of  movement  of  eyeball,    276, 

254 

for  pupillary  movements,  corti- 
cal, 354 

spinal  (centrum  ciliospinale 
inferius),  356 


Centre,  Centres  (contd.} — 

visual,     higher     (or    cortical), 
visuo-sensory,  373, 376, 386 
lower,  384,  372 
visuo-psychic  (visual memory), 

376 

for  winking,  378 
for  word  memory,  378 
Cerebellum,    relation    to    ocular 

movements  of,    378,    389, 

39i 

Chiasma,  optic,  367,  382 
Cilia,  155,  179 

abnormal,  154 

development  of,  184 
Cisterna    basilis     (interpeduncu- 

laris),  324,  368,  369 
Colliculus,  inferior,  372,  383 

superior,  384,  372 
Coloboma  of  eyelid,  187 

of  optic  nerve,  360 
Commissure  of  eyelids,  in 

of  Gudden,  383,  370 

of  Meynert,  383 

optic,  367,  382 

Concha  nasalis,  inferior,  56,  71 
Conchae  nasales,  55 
Con  jugate  deviation,  3  90,  336,378 
Conjunctiva,  188 

bacteria  of,  213 

crypts  of,  197 

dermoid  of,  187 

development  of,  184,  202 

fornix  of,  190,  113 

glands  of,  195 

nerves  of,  202 

retinacula  of,  191 

structure  of,  193 

vessels  of,  199 
Conus  of  optic  disc,  365 
Cornea,  nerves  of,  202,  353 

vessels  of,  199 

Corpus  adiposum  orbitae  (orbital 
fat),  297 

quadrigeminum,  superior,  384, 

372 
geniculatum  laterale,  384,  371, 

372 
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Corpus  (contd.) — 

geniculatum  (contd. .)- 

mediate,  370 

Cortical  centres.     See  Centres 
Coussinet  adipeux  du  sourcil,  109 
Crests,  lacrimal,  64,  21,  17 
Cribra  orbitalia,  31 
Cryptophthalmia,  187 
Crypts,  conjunctival,  197 
Cuneus,  of  brain,  373 
Cysts,  dermoid,  of  eyelids,  187 

Dacryon,  the  point,  86,  66 
Decussation,   fountain,   of  Mey- 
nert  (decussatio  tegmenti 
dorsalis),  384 
Dehiscences,     of     infra  -  orbital 

sulcus,  44 
of  optic  canal,  29 
of  orbital  walls,  51,  29,  44 
of  sphenoidal  sinus,  of  wall,  62 
Dermoid,  of  conjunctiva,  187 

cysts,  of  eyelids,  187 
Development.       See    under    In- 
dividual parts 
Deviation,  conjugate,   390,   336, 

378 
Diploe,    diploic  vein  and  nerve, 

31,  165,  342 
Diplopia,  331,  335 
Disease,  Basedow's,  84,  313 

dental,  in  relation  to  orbit,  16 
Distance,  axial,  of  orbital  mar- 
gins, 85 

inter-oblique,  102 
Duct,  Ducts — 

ductus  lacrimales   (canaliculi), 

222 
excretory   (ductuli  excretorii), 

of  lacrimal  gland,  210 
fronto-nasal,  58,  6o;  68 
naso-lacrimal  (nasal,  lacrimal), 

233,  237 
Dura  mater,  260,  362,  367,  26 

Ectropion,  178,  232 
Epicanthus,  116,  114 
Epiphora,  244,  249 


Ethmoidal  bone.     See  under  Bone 

Exophoria,  103 

Exophthalmos,  84,  102,  256,  299, 

3io,  313 
Eyeball,  251 

centre,  cortical,  for  movements 
of,  378 

centre  of  movement  of,  276 

development  of,  360 

dimensions  of,  254 

enucleation     of,     changes     in 
orbit  after,  97 

form  of,  relative  to  shape  of 
orbit,  1 02 

myopic,  oblique  muscles  in,  281 

point  of  rotation  of,  276,  254 

position  in  orbit  of,  256,  95 
Eyebrow,  105 

coussinet  adipeux  of,  109 

injections  into,  no 

movements  of,  179 

nerves  of,  no 

vessels  of,  no 

vibrissae  of,  107 
Eyelashes.     See  Cilia 
Eyelids,  in 

abnormalities  of,  187 

accessory  or  third,  203 

angles  of,  in 

areola,  palpebral  of,  113 

canthi  of,  in 

centre,  cortical  for,  378 

commissures  of,  in 

development  of,  184 

dissection  of,  120 

epicanthus  of,  116,  114 

epitarsus,  203 

fascia,   palpebral   (septum   or- 
bitale)  of,  130 

folds  of,  1^3 

glands  of  (marginal),  157,  153 

hernia  adiposa  of,  114 

injections  into,  137 

lacus  lacrimalis  of,  118 

ligaments    of,    broad    (septum 

orbitale),  130 

palpebral    (tendo    oculi,    or 
tarsal),  147 
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Eyelids  (contd.) — 
margin  of,  118,  154 

development  of,  185 

nerve  plexus  of,  176 

structure  of,  155 
movements  of,  180 
muscles  of,  126,  133 

action  of,  177 

clinical  features  of,  181 
nerves  of,  172 
opening  of,  117 
pigment  in,  113,  125 
ptosis  adiposa,  114 
relations,  deep,  of,  118 
septum  orbitale,  130 
skin  of,  125 
structure  of,  119 
supernumerary,  188,  203 
surface  anatomy  of,  112 
tarsal  plates,  146 
vessels  of,  161 

Face,  development  of,  183 

vessels  of,  162 
Fascia,    fasciae    bulbi    (Tenpni), 

286 
relation  to  conjunctiva,  192 

lacrimal     ("  deep    fascia  '      of 
eyelids),  227,  127,  128,  81 

musculares          (sheaths         of 
muscles),  291 

orbitales,  286 

orbito-palpebralis  (septum  or- 
bitale), 130 

palpebral     (septum     orbitale), 
130 

retro-bulbar,  286 

sheath    of    levator    palpebrae 
superioris,  141 

tarso  -  orbitalis    (septum    orbi- 
tale), 130 

Fasciculus,     medial      (posterior) 
longitudinal,      174,      384, 

389,  39i 
Fissure,  Fissura — 

calcarine,  of  brain,  375,  386 
orbital,  inferior,  39 
superior,  37,  27,  260 


Fissure,  Fissura  (contd.)— 

palpebrarum,  in 

sphenoidal    (superior    orbital) , 
37,  27,  260 

spheno-maxillary   (inferior  or- 
bital), 39 

spheno-zygomatic,  40 
Fold,  Folds — 

epicanthus  of  eyelids,  116,  114 

of  eyelids,  113 

falciform,  of  dura,  26,  367 
of  muscle  sheaths,  293 

of  lacrimal  passages,  239 

Mongolian,  of  eyelids,  116 
Foramen,  Foramina — 

ethmoidal,  50 

frontal,  10 

infra-orbital,  15,  19,  21 

lacerum     anterius.       See     Su- 
perior orbital  fissure 

meningeal,  35 

oculomotorium,  265 

opticum,  26 

rotundum,  38,  39 

spheno-zygomatic,  35 

supra-orbital,  9,  n 

zygomatico-facial,  14,  34 

zygomatico-temporal,  34 
Form  of  orbit,  3 
Fornix,  conjunctival,  190,  113 

of  lacrimal  sac,  229 
Fossa    glandulae    lacrimalis,   24, 
96 

hypophyseos     (sella     turcica), 
62,  369 

infra- temporal  (zygomatic),  40, 
42 

origin  of  inferior  oblique  muscle 

of,  43 
pterygo  -  palatine        (spheno  - 

maxillary),  40 
sacci  lacrimalis,  64,  96,  21,  17 

dimensions  of,  73 
spheno-maxillary,  40 
temporal,  37,  40 
zygomatic,  40 
Fovea  trochlearis,  24 
Frontal  bone.     See  under  Bone 
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Galea  aponeurotica,  107,  109,  181 
Ganglion,    ciliary    (lenticular   or 

ophthalmic),  350 
Gasserian,     or    semilunar,    336, 

338,  39i 
spheno  -  palatine       (Meckel's), 

347,  214,  334 
Geniculate    body,    lateral,    384, 

37°>  371*  372 
medial,  370 

Glabella,  12,  19,  105 
Glands  of  Ciaccio,  196 
conjunctival,  195 
of  eyelid  margin,  157 
of  Harder,  198 
of  Henle,  196 
infra-orbital,  198 
of  Krause,  195 
lacrimal,  204 
accessory,  195 
development,  217 
nerves,  214 
secretion  of,  212 
variations,  218 
vessels,  213,  305,  311 
of  lacrimal  sac,  242 
of  Manz,  197 
meibomian,  153,  186 
of  Moll,  158 
Mucosae  Krausei,  196 
of  plica  semilunaris,  198 
tarsal,  153,  186 
trachoma,  195 
of  Zeis,  157 
Glaucoma,  311,  354 
Globe  of  eye.     See  Eyeball 
Groove,  infra-orbital,  42 

supra-orbital,  9 
Gyrus,  angular,  of  brain,  377,  378 


Hamulus  lacrimalis,  48,  17 
Headache,  181,  182 
Hernia,  orbital,  40 

palpebral,  or  adiposa,  114 
Hiatus  semilunaris,  of  ethmoidal 

bone,  56,  68 
Hyperphoria,  181 


Hypophysis     cerebri     (pituitary 
body),  316,  368,  370 

Impressiones  digitatae,  of  orbital 

roof,  30 

Incisura  lacrimalis,  72 
Incisura  supra-orbitalis,  9,  19 
Index,  naso-orbito-alveolar,  88 

orbital,  88 
Infundibulum,     ethmoidale,     of 

frontal  sinus,  57,  58,  60, 

66,  343 

of  hypophysis  cerebri,  368 
of  lacrimal  canaliculus,  222 
Injections,  of  eyebrow,  no 
of  eyelids,  137 
of  orbit,  298,  191 
subarachnoid,    of   optic  nerve 

sheath,  362 
Iris,  nerve  plexus  of,  354 

Jaw    winking,    phenomenon    of, 

183 
Juga  cerebralia,  of  orbital  roof,  30 

Labyrinth,  ethmoidal,  58,  60 
Lacertus  of  lateral  rectus  muscle, 

293 
Lacrimal  apparatus,  204 

bone.     See  under  Bone 

canal  (naso-lacrimal),  70 

canaliculi,  222 

duct  (naso-lacrimal),  233,  237 

ductules  (of  gland),  210 

fossa,  24,  96 

gland,  204 

passages,  membranous,  219 
osseous,  63 

protuberance,  63,  72 

sac,  227 

sulcus,  48,  64,  71,  75 
Lacus  Jacrimalis,  118 
Lagophthalmos,  187 
Lamina  infra-orbitalis,  42 

papyracea,  47,  51,  60 
Lens,   accessory  muscles   of  ac- 
commodation of,  181 
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Ligament,  Ligaments,  Ligamen- 

tum— 
broad,  of  eyelids  (septum  orbi- 

tale),  130 

check,  of  ocular  muscles,  293 
of  levator  palpebrae  superi- 

oris,  144 

canthi  externum,  148 
intra-capsular  of  Tenon,  293 
of  lacrimal  gland,  208 
of  Lockwood,  296 
palpebral     (septum     orbitale), 

130 

(tarsal),  medial,  147,  230 
(tarsal),  lateral,  148 
suspensory  of  eye  (Lockwood), 

296 

tarsal.     See  Palpebral 
tendo  oculi  externum,  148 

internum,  147 
Line  of  Gennari,  374 
Linea  temporalis,  13,  20 
Loge  accessoire  of  lacrimal  fossa, 

24,  204 
Lymph  channels  or  vessels.     See 

under  Vessels  of  regions 
of  optic  nerve,  362 
of  orbit,  320,  53,  51 
Lymph  nodules  (in  conjunctiva), 

195 

Mala  bipartita,  13 

Malar  bone.     See  under  Bone 

Margin,     of     orbit.     See     under 

Orbit 

palpebral.      See  under  Eyelids 
Membrana    orbitalis    musculosa, 

83,  285 
Membrane,  intermuscular,  of  recti 

muscles,  292 
Meningeal  sheaths  of  optic  nerve, 

362 

Mensuration  of  orbit,  84 
Muscle,  Muscles,  Musculus— 
accessory,    of   accommodation 

of  lens,  181 
attachments      round      orbital 

margin,  131 


Muscle,        Muscles,        Musculus 

(contd.) — 
attachments  (contd.) — 

at  apex  of  orbit,  259 

on  to  eyeball,  265 
caninus,  origin  of,  16  , 
capsulo-palpebralis,  296 
choanoid,  285 
ciliary,  of  lens,  351,  353,  181 

of  Riolan,  129 
comes  obliqui  superioris,   144, 

284 

corrugator  supercilii,  108 
development  (orbital),  282 
dilatator  pupillae,  334,  343,  358 
epicranius,  107 
of  eyeball,  257 

abnormalities  of,  283 

action  of,  276 

sheaths  of,  291 

structure  of,  259 
of  eyebrows,  107 

action  of,  179 

clinical  points  of,  181 
of  eyelids,  126,  133 

action  of,  177 

clinical  points  of,  181 

development  of,  130,  141 
facial  (upper  group) ,  182 
frontalis,  107 
gracillimus  orbitis,  144 
of  Horner.     See  Pars  lacrimalis 
imbalance    of,   and    facial  ex- 
pression, 104 

inter  -  oblique       distance      of 

oblique  muscle  origins,  102 

involuntary,  of  eyelids,  139, 296 

of  orbit,  82,  34 

peri-bulbar,  296 
lacrimal,  anterior,  127 
of  Landstrom,  296 
levator   anguli    oris    (caninus, 
origin),  1 6 

labii  superioris,  origin,  16 
levator    palpebrae    superioris, 

133 
action,  179 

nerve,  173 
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Muscle,        Muscles,        Musculus 

(contd.}— 
of  Miiller,  in  eyelids,  139,  296 

in  orbit,  82,  34 
oblique,  inferior,  275,  280,  177, 

83 
inferior  accessorius,  284 

inferior,  check  ligament,  295 
inferior,  origins  of,  abnormal, 

284 

superior,  272,  279 
superior,  abnormalities,  284 
superior,  pulley  of  (trochlea), 

274 

superior,  sheath  of,  295 
occipito-frontalis    (epicranius), 

107 
orbicularisoculi  (palpebrarum), 

126,  186 

action  of,  177,  180 
clinical  points  of,  181 
in  eyebrow,  108 
orbitalis  (of  Miiller),  82,  34,  312 
origins,  on  face  (Fig.  59),  131 

of  recti,  259 
palpebral,     involuntary,     139, 

296 
pars  lacrimalis  (Horner),   128, 

224,  231,  241 
peri-bulbar,  296 
procerus,  107 
pyramidalis  nasi,  107 
quadrangulus  constrictor 

puncti  lacrimalis,  224 
quadratus  labii  superioris,   16, 

163 
recti,  259 

abnormalities  of,  283,  188 
actions  of,  276 
arc  of  contact  of,  270 
development  of,  282 
fascial  sheaths  of,  291,  191 
insertions  on  to  eyeball  of, 

265 

lengths  of,  259 
ligaments,  check  of,  293 
origin      (posterior      attach- 
ments) of,  259 


Muscle,        Muscles,        Musculus 

(contd.)— 
recti  (contd.)— 

special  descriptions : 
r.  inferior,  271 
r.  lateralis,  271 
r.  medialis,  270 
r.  superior,  272,  177 
structure  of,  259 
tendons  of,  266 
weight  of,  259 
retractor  bulbi,  285,  83 
superciliaris,  127 
tensor   tarsi.     See   Pars   lacri- 
malis 

tensor  trochleae,  144 
transversus  glabellae,  130 
transversus  orbitis,  145 
zygomaticus  (major),   14,   163, 

164 

Myopia,  progressive  juvenile,  278 
Myopic      eyeball,      position      of 
oblique  muscles   on,    281, 
273,  276 

relation  of  shape  of  orbit  to, 
102 

Nasion,  the  point,  23,  26,  62 
Nerve,  Nerves- 
abducent  (sixth),  333 

nucleus  of,  390,  391,  384,  336 
alveolar  (dental),  348 

anterior  superior,  348, 16, 244 
auditory  (connections  of),  174, 

39i 

carotidus  internus,  356 
cerebral  connections  of,  373 
ciliary,  long,  343,  353,  358 

short,  353 

to  conjunctiva,  202 

to  cornea,  202,  352 
ciliary  body,  of,  353 
constrictor  pupillae,  fibres,  351, 

353 
corpuscles,  tactile,  202 

terminal,  176 
dental.     See  Alveolar 
dilator  pupillae,  fibres,  357,  334 
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Nerve,  Nerves  (contd.}— 

ethmoidal,       anterior       (naso- 

ciliary),  343 
posterior  (Krause),  344 
facial,  172,  214 
nucleus,  174,  183 
superior,  182 
fifth.     See  Trigeminal 
fourth.     See  Trochlear 
frontal,  340 

infra-orbital,  345,  42,  15 
infra-trochlear,  343,   175,  202, 

161 

of  Kobelt,  10 

lacrimal,  339,  214,  175,  202 
mandibular     (inferior     maxil- 
lary), 174,  338 
maxillary  (superior  maxillary), 

345,  174 
naso-ciliary  (nasal),  342,  353 

oculomotor,  324,  182 

nucleus  of,  386,  384,  182,  390 
ophthalmic,  336,  174 
optic,  358,  381,  383,  301 
of  orbit,  general  scheme  of,  321 
orbital   (zygomatic),   346,   214, 

215,  34° 
petrosal,  214,  347 

plexus,      cavernous      (sympa- 
thetic), 356 

of  ciliary  body,  353 

of  conjunctiva,  202 

infra-orbital,  174,  350 

of  iris,  354 

marginal  (eyelids),  176 
of    pterygoid    canal    (Vidian), 

347,  214 
pupillo-constrictor  fibres,  351, 

353 
pupillo-dilator  fibres,  357,  354, 

356>  334 

ramus    ethmoidalis    (of    naso- 
ciliary),  344 

recurrent  (of  Arnold),  338 

seventh.     See  Facial 

sixth.     See  Abducent 

spheno-ethmoidal(of  Luschka), 

344 


Nerve,  Nerves  (contd. ,)- 

spheno-palatine,  347 

subcutaneus  malae  (zygo- 
matic), 346 

supra-orbital,  341,  19,  175 

supra-trochlear,  340,  175 

sympathetic  system  of,  354, 
215,  176 

temporo  -  malar  (zygomatic), 
346,  35,  20 

tentorii,  of  ophthalmic,  338 

third.     See  Oculomotor 

Tiedemann's,  303 

trigeminal  (fifth),  338,  174,  391, 
182 

trochlear  (fourth),  332,  390,384 

Vidian,  214,  347 

zygomatic   (orbital),   346,   214, 

215,  34° 
zygomatico-facial,  35 

zygomatico-temporal,  35,  20 
Neuralgia,  344,  182 
Notch,  frontal,  10,  19 

supra-orbital,  9,  19 

supernumerary,  n 
Nucleus.     See  under  each  Nerve 

Olfactory  Tract,  relation  to  roof, 

32 

relation  to  optic  canal,  27 
Ophthalmoplegia,  182 
Optic,  atrophy,  hereditary,  369 
chiasma   or   commissure,    367, 

382 

foramen,  26 

nerve,  358,  381,  301,  383 
radiation     (radiatio     occipito- 

thalamica),  373 
tract,  370,  382 
Orbit,  Orbital- 
angle,  basic  of,  92 
naso-malar,  91 
of  walls,  92 

apertures  of,  table  of,  79 
apex,  form  of,  5 
apical  point  of,  89 
arteries  of,  300 

abnormalities  of,  308 
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Orbit,  Orbital  (contd.)- 
asymmetry  of,  102 
axis,  orbital,  93 
birth,  features  at,  95 
casts  of,  3 

child,  features  in,  97 
contents,  general  arrangement 

of,  251 

deformities  of,  104 
depth,  89 

development  of,  93,  43 
differences,  sexual,  of,  100,  88, 

90 

dimensions  of,  84 
fascia  of,  286 
fat,  297 
floor,  40 
form  of,  3 

relating  to  eyeball,  102 
general  description  of,  i 
growth  of,  changes  in,  97 
height  of,  intra-orbital,  102 
index,  88 

lymphatics  of,  320 
margin,  angle,  basic  of,  92 

angle,  naso-malar  of,  91 

arcade,  132 

bones  forming,  7 

dimensions  of,  85 

distance,  axial,  of,  85 

infra-orbital,  14 

lateral,  12,  19 

medial,  17,  21 

process     (processus     margi- 
nalis),  13,  20 

relation  to  brain,  21 

relation  to  eyeball,  256,  95, 
102 

shape  of,  6,  13,  97 

supra-orbital,  7,  19 

surface  anatomy  of,  19 

sutures  of,  7 
mensuration  of,  84 
nerves  of,  321 
^ossification  of,  94 
roof,  22 

relation   to  fractured   skull, 

335 


Orbit,  Orbital  (contd.)— 

tubercle  (of  zygomatic  bone), 

13,  20 
variations   in    type    of    skull, 

100 

veins  of,  308 
volume  of,  85,  3 
walls,  22 

angles  of,  92 

bones  forming,  22 

inferior  or  lower  (floor),  40 

lateral,  32 

length  of,  90 

medial,  46 

superior     or     upper     (roof), 

22 
Orifices  adipeux  of  orbital  base, 

298 

Os  de  la  gouttiere  lacrymale,  18 
hamulus  of  lacrimal  bone,  48 
japonicum,  13 
maxillo-naso-lacrimal    frontal, 

19 
planum  of  ethmoidal  bone,  47, 

51,  60 
Ossasuturarum  (Wormian  bones), 

47.  34.  *9 
Ossiculum     canalis     naso  -  lacri- 

malis,  48 

ethmo-lacrimale,  47 

infraorbitale  marginale,  15 

maxillo-frontale,  18 

peri-lacrimal,  49 
Ossification  of  orbital  walls,  94 
Osteophyte  of  orbital  roof,  32 
Ostium  frontale  of  frontal  sinus, 

59 
Ostium  lacrimale  of  naso-lacrimal 

duct,  234 
Ostium    maxillare    of   maxillary 

sinus,  63 
Oxycephaly,  104 

Pain,  referred  from  eye,  182 
Palatine  bone.     See  under  Bone 
Palpebral,  Palpebrae.     See  under 

Eyelids 
Papillae  lacrimales,  219,  118 
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Paralysis,  facial  nerve,  182,  249 
third,  fourth,  sixth  nerves,  331, 

333,  334 
Passages— 

lacrimal,  membranous,  219 

osseous,  63,  73,  76 
naso-lacrimal,  abnormalities  of, 

246 

development,  of,  244 
dimensions  of,  237 
mechanism  of,  247 
nerves  of,  244 
shape  of,  225 
structure  of,  241 
valves  of,  239 
vessels  of,  243 

Pituitary  body,  368,  316,  370 
Plates,  tarsal,  146 
Plexus,  caroticus  internus  (sym- 
pathetic), 356 

cavernous  (sympathetic),  356 
ciliary,  of  nerves,  353 
conjunctival,      sub  -  epithelial 

(nervous),  202 
infra -orbital    (s'ensori-  motor), 

174,  35° 
of  iris  (nervous),  354 

marginal,  of  eyelids  (nervous), 
176 

peri-corneal  (arterial),  200 

pterygoid   (venous),   312,    165, 

244,  320 

Plica  lacrimalis  (of  naso-lacrimal 
duct),  239 

semilunaris,  192,  198,  203 
Point,  apical,  of  orbit,  89 

dacryon,  86,  66 

lacrimal  (mensuration),  87 
(eyelids)    punctum    (of   eye- 
lids), 220,  118 

nasion,  23,  26,  62 

of    rotation    of    eyeball,    276, 

254 
Process,  Processus — 

angular,  lateral  (zygomatic)  of 

frontal  bone,  9,  13,  12,  19 

angular,  medial  of  frontal  bone, 

9,  19 


Process,  Processus  (contd.}— 
frontal,  of  maxilla,  14,  16 
fronto-sphenoidal,  of  zygomatic 

bone,  13,  20 
hamular,  of  lacrimal  bone,  48, 

17 
marginal,    of    inferior    orbital 

margin,  15 
marginalis,  of  zygomatic  bone, 

13,  20 

orbital,  of  palatine  bone,  41 
turbinated,  55 
uncinatus,  of  ethmoidal  bone, 

57 
of  ethmoidal  bone,  cell  of,  68 

zygomaticus  (lateral  or  as- 
cending) of  frontal  bone, 
9,  13,  12,  19 

Protuberance,  lacrimal,  of  naso- 
lacrimal  canal,  63,  72 
Pterygium,  204 
Ptosis,  1 80,  331 

adiposa  of  eyelids,  114 
congenital,  188 
Pulley  of  superior  oblique  muscle, 

274 

Pulvinar,  370,  372 
Punctum  lacrimale,  220,  118 
Pupil,  dilatation  of,  357 

contraction  of,  351,  358,  334 

light  reflex  of,  385 

nucleus  for  innervation  of,  388 

Quadrigeminal     body,     inferior, 

372>  383 
superior,  384,  372 

Radiation,  optic  (occipito-thala- 

mica  of  Gratiolet),  373 
position  of  optic  fibres  in,  385 
Raphe     palpebrarum     lateralis, 

127,  149 
Recess,  Recessus— 

of  Arlt  (lacrimal  sac),  246 
ethmo-lacrimal  of  hiatus  semi- 

lunaris,-  68 

infra  -  orbital,  of  maxillary 
sinus,  72 
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Recess,  Recessus  (contd.}— 

prelacrimal,  of  maxillary  sinus, 

63,  72 
spheno-ethmoidal,  of  nose,  56, 

58,  62 
Reflex,  auditory  and  facial  nerve, 


eyelids,  181 

orbicular,  174 

pain,  182 

pupillary  light,  385 

tear  secretion,  216 

winking,  181 
Retina,  representation  in  cortex 

of,  386 

Retinacula  of  conjunctiva,  191 
Retinaculum    oculi    lateralis    (of 

recti  muscles),  14,  296 
Ridge,  supra-orbital,  12,  19 

temporal,  13,  20 
Rima  palpebrarum,  117 
Rivuslacrimalis  of  lid  margin,  154 

Sac,  conjunct!  val,  188 

bacteria  of,  213 
lacrimal,  227,  116 
dimensions  of,  237 
glands  of,  242 
structure  of,  241 
Scalp,  no,  106 
Sebum  palpebrale,  153 
Sella  turcica  (of  sphenoidal  bone), 

62,  369 

Septum  orbitale,  130,  17,  138,  299 
Sheaths  of  optic  nerve,  362,  261 
Short  -  sightedness,         Stilling's 

theory  of,  102 
Sinus,  Sinuses- 

accessory     or     air     (s.     para- 

nasales),  53 
cavernous,  315,  62 
frontal,  59,  29,  28,  10,  342 
infundibulum  of,  57,  58,  60, 

66,  343 
longitudinal  (sagittal)  ,  superior, 

3i,  165 

of  Maier  (lacrimal  sac),  224,  246 
malaris  (zygomaticus),  63,  44 


Sinus,  Sinuses  (contd.}— 

maxillary    (antrum    of    High- 
more),  63,  58,  28,  16,  44 

para-nasales,  53 

petrosal  (venous),  319 

sagittal  (longitudinal),  superior, 
3i,  165 

sphenoidal,  62,  58,  27,  316,  370 

spheno-parietal  (venous),  318, 
310 

supra-orbital,  29 

zygomatic  (malaris),  63,  44 
Skull,  asymmetry  of,  102 

deformities  of,  104 

fracture  of,  334,  300 

Tower,  104 
Space,  episcleral,  289 

interfascial,  of  Tenon,  289 

sub-arachnoid,  362,  324,  369 

supra-vaginal,  of  optic  nerve, 

291 
Sphenoidal     bone.       See     under 

Bone 
Spina  recti  lateralis,  34,  260 

trochlearis,  24 

zygomatica,  13 
Spinae  orbitales,  34 
Spur,  lacrimal,  anterior,  64 
Stilling's  theory,  102 
Strabismus,  270,  283,  331,  335 
Sulcus,  calcarine,  of  brain,  375, 
386 

chiasmatis,  368 

infra-orbital,  42 

inter-marginal  of  eyelids,  155 

lacrimal  of  maxilla,  48,  64,  71, 

75 
of     Verga     (naso  -  lacrimal 

duct),  235 

orbitalis,  of  brain,  32 

sub-tarsal,  of  eyelids,  190 
Surface  anatomy  of  eyelids,  112 

of  orbital  margin,  19 
Suture,  Sutures,  Sutura— 

abnormal,  of  orbital  roof,  30 

canalis  infra-orbitalis,  42 

ethmo-lacrimal,  47 

fronto-ethmoidal,  23 
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Suture,  Sutures.  Sutura  (contd.} — 
fronto  -  malar.         See     Zygo- 

matico-frontal 
fronto-sphenoidal,  25,  34 
fronto-zygomatic.       See  Zygo- 

matico-frontal 
infra-orbitalis,  43,  17 

verticalis,  16,  43 
lacrimo-jugal,  17 
lacrimo-maxillary,  64,  66 
longitudinalis  iraperfecta,  18 
notha,  1 8,  16 
orbito-maxillo-f rental,  47 
spheno-zygomatic,  34,  35 
zygomatico-f rental,  12,  13,  33, 

19,  24 
zygomatico-maxillary,   14,   21, 

4i 

Sympathetic     nervous     system, 

course  to  eyeball,  354 
in  eyelids,  176 
to  lacrimal  gland,  215 


Tarsal  plates  (Tarsus),  146 

glands,  153,  1 86 
Tears,  composition  of,  212 

mechanism  of  drainage  of,  247 
Tendon,  Tendo— 

oculi  externus,  148 
internus,  147 

orbitalis  inferior  (of  Zinn),  263 
superior  (of  Zinn),  264 

of    Zinn     (annulus    tendineus 

communis),  260 
Tissue,  episcleral,  289 
Torticollis,  ocular,  103 
Trachoma,  glands,  198,  195 
Tract,  olfactory,  relations  of,  27, 

32 

optic,  370,  382 
Tractus  peduncularistransversus, 

383 
Trochlea,     of    superior    oblique 

muscle,  274,  21,  24 
Trochlear  angle,  273,  276 
Tubercle,  infra-orbital,  14 
infra-optic,  263 


Tubercle  (contd.}— 

lacrimal,  18,  64 

orbital,  13,  20 
Tuberositas  malaris,  14 
Tunica  adventitia  of  eyeball,  289 
Turbinated     bone.      See     under 
Bone 


Valve,  Valves  — 

of  lacrimal  passages,  239 

of  Hasner,  239 

of  orbital  veins,  314 
Vein,  Veins,  Vena  — 

angular,  163,  165,  148,  166 

centralis  retinae,  311 

ciliary,  311 

conjunctival,  201 

development  of,  315 

diploic,  165 

emissary,  ophthalmic,  314 
of  cavernous  sinus,  320 

ethmoidal,  311 

facial  (anterior  facial),  163 
deep,  165 

frontal  (frontal-nasal),  165 

of  Gaillard,  44,  315 

infra-orbital,  42 

lacrimal,  311 

lacrimo-facial,  66 

marginal,  of  eyebrow,  no,  165 

maxillary,     anterior    internal, 

165 

meningeal,  middle,  35 
middle  cerebral  (Sylvian),  319, 


ophthalmic,  inferior,  312 

superior,  309 
ophthalmo-facial,  312 

meningeal,  310 
orbito-frontal  emissary,  30 
palpebral,  169 
plexus,  pterygoid,  of,  312,  165, 

1  66 

supra-orbital,  164 
temporal,  superficial,  167 
temporo-maxillary,  312 
valves  in,  314 
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Vein,  Veins,  Vena  (contd.}— 

variations  of,  315 

venae  yorticosae,  310 
Vestibule  of  nose,  56 
Vibrissae,  supra-orbital,  107 
Volume  of  orbit,  85,  3 

Winking,  jaw  phenomenon,  183 
reflex  arc  for,  181 


Winking  (contd.}— 

cortical  centre  for,  378 

Zygoma- 
relation  to  brain,  21 

inferior  orbital  fissure,  39 

optic  canal,  27 

semilunar  ganglion,  338 
Zygomatic  bone.     See  under  Bone 
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